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FOREWORD

The Government of Japan, in response to the request from the Government of the
Jalisco State in United Mexican States, entrusted to the Overseas Technical Cooperation
Agency (OTCA) the task of conducting the survey of urban transportation in Guadalajara

City, the capital of Jalisco State.

The OTCA organized a five-member team of experts, headed by Mr. Hiroshi Takeda
{Deputy Director, Tokyo Construction Bureau, Japanese National Railways), as a mission
assigned by the Government of Jlapan under the Technical Cooperation Plan for Lutin

Americd.

The expert team was despatehed to Mexico on December 10, 1968 for a month
and a half. The survey, though for & short period, was carried out with a view of formulating
plans for the traffic fucilities adapted to the actua! situation. Now, we have come to the stage

of presenting a report to the Government of the Jalisco State in United Mexican States.

It is our sincere hope that this report will be not only of some service on pushing
forward the development of urban traffic facilities in Mexico, but also plays a part in the

promotion of friendly rclations between Japan and Mexico.

On ihis occasion, we wish fo express our heartiest thanks to all the members of
the team who conducted the survey, Japanese Embassy which rendered cooperation at the
survey site, the Ministry of Transport, Japanese National Railways, Tokyo Metropolitan
Government, TEITO Rapid Transit Authorily and other organizations concerned which

offered cooperation in assigning the survey team.

July 1969 Shin-ichi Shibusawa
Director-General
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Cathedral that Rises at the Center of Guadalajara City



Avenida Juarez, Main Street of the Gity
Running from East to West

Narrow Road of Morelas Street Congested with Buses

Calzada independencia, the Artery Connecting the North and the South
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Avenida Las Americas, in the Upper-Class Residential Area
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Excavation and Stone Masonry Works far Main Drainage in the Rock
Formation in the North-Western Part of the City

Invesﬁgaﬁon Team Head Explaining the Summary of the Intermediate
Report to Jalisce State Governor Lic. Medina Aseensio {Center) and
Arg. Navarro Franco (Left} who Visit the Office of Investigation Team



CONTENTS

CHAPTER L. GENERAL -« t vt v oottt et e e e et e e e e e
1. Pref e o o o o e e

1)  The formation and purpose of the investigation mission
2} Composition of the investigation mission .. .. .. ..o o oo o oo

3)  Cooperation given by Jalisco State Government and other pubtic
organizations concerned L L L L L

4}  ltinerary of the investigation mission

b

Introduction

1} United Mexican States - - oo v e e
2)  Federal District of Mexico, Mexico City and Guadalajara City - . .. - - ... .. ... ...

CHAPTER Il, THE PRESENT STATE OF AFFAIRS IN JALISCO STATE

AND GUADALAJARA CITY .. e

L. Topography . ..o e
2, Population and density of population . ........... . o ool
3. Industries and employed workers - ............. . L L,
4, Urban StruciuIe - -« v o e e e e e e e e e e
1) The history of urban development - . .. - - oo e e e

20 Use dlistricts ..o ..o e

3) Urban £acilitios - v c v omi v o i et e e e e e e e e e e e e e e e e e e e

4) Roads and streels -« o o o o o o i e e e e e e e e e e e e

5) UnVerSitiEE « v v v o e e e e e e e e e e e e e e e e e e e e e

6) Railroads - - - o e e e e e e e

',?) Parking 6 ) - S S

5. Transport facilities . ... .. .
[) | BT T T R R T T T T T T S T

7)) Taxicabs oo oo e

3) Private PUSSEIEEI-CAIS  + ¢ v = o o o v b e b e bt e e e e e

4)  Trends in number of cars classilied by transport means - - - - . ... ... L L L

5)  The present state of road tvaffic v v v v i e

6)  The numbers of users of mass transport means « - .o oo oLl

7)  Traffic accidents

CHAPTER HI. THE PROSPECTS FOR THE FUTURE OF JALISCO STATE
AND GUADALAJARA CITY - vvnnn. e

Popuiation and density of population

o=

Industries and employed workers

3.  Urban structure

..................................................

l) Use district Plan .................................................
2)  Road and street plan

4. Basic conditions for future planning

CHAPTER IV. URBAN TRANSPORT SYSTEMS -« -« v« -cvvvrnrmmmmromremmans
!, IO dUC O « -t v c et et i i it i e e e e st e e e e

2. Types and characteristic features of different urban transport systems

1 ) 'l‘ypes ......................................................
3} CHATACIEEISHICS - -« = ¢ o v o m v m ettt e

~1 = ] =] D e e

Co 00 —~3

21
21
21
22

22
23

1%



CHAPTER V. THE URBAN TRANSPORT SYSTEM RECOMMENDED
TO GUADALAJARA

..................................... 28
. Types of fransport tacilities . ... .. .. . . L 28
20 Types ol subways . - . .o 209
CHAPTER VI, BASIC CONDITIONS FOR SELECTING RAILWAY ROUTES ... .. a1
CHAPTER VII. SUBWAY NETWORK PLANNING - ... .. oo 33
CHAPTER VIIl, ESTIMATED VOLUME OF RAILWAY TRAFFIC ............. 36
!, Estimated distribution of residential areps in the future . ......... ... .... 86
2. Estimated teaffic volume in the future .. . . o o o 36
3. Estimated population in the range of use of the subway system ............... 37
4. Estimated numbers of users of the proposed subway routes . ............. .37
CHAPTER X, OPERATING PLAN . ... ., 30
I, Sizeof transporting unit . ... .. ... L 39
2. Time intervals for operation ... ... 29
3. Operating speed and running time ... ... L L L 39
4. Train Kilometers ... ... 4]
500 Railway carS ... 41
CHAPTER X. CONSTRUCTION GAUGES .- - .o o s 43
1. Various 8auges . . oo e 13

}] (}uugc dmwings ................................................. 13

2) Rui]\\ray BAUEE - o e e e e e e e e 18

3) Electricai SYSLEMY ¢ v e e e e e e e 15

4) Gauges far (aﬂwgy o3 o S 48

5) Leng{h of ruilway CAT v v ot b et e e e e e e e e e e e e e e e e 13

6) Construction gauges -« - o v vt o e 13

7} Size ol tunnel cross Section - .o oL e 18

2. Designostandards - . . o 43
1y Table of design standards . . . .. .o 143

2y Mintmum radins of CUrvature - - - -+ oo 18

) Transition CUIVE . -« o e 46

Ay Cant - e, 46

3 Grade. - oo 16

0}  Oversize of construction gauge and track gauge atacurve - - - oo oLl 46
CHAPTER Xl. DESIGN AND EXECUTION OF CONSTRUCTION - -+« .. 48
L Designof tunnel ... ... .. . . 48
1} Type of tunnel ConsStruction « -+« v v oo vt i e e e e e 48

2} Enlargement of tunnel cross section ala cruve - -« - oo e e 48

3 Desipnforloads - - .. o 49

4 Water-proof layer - - o e 49

5) Structure of railroad track - - - i e e e 50

6}  Drainage system



2. Railway stations and train depots . ... ... .. .. .. .. . . o L B0
1) Scale of railway slation . ..o e e 50
21 Typeofplatforn . ..o o e 50
3} Lengthand widthof platform . ... ... o L 51
4)  Standard type of platform . ... L 51
5)  Railway statjon facilities . . .. L. o e 51
6}  Passagetoand fromthe ground . ... .. e 52
7] Cur INSPECtionm SECHNTT « « v v v vt i et it e e 52
8  Workshoup . oo 59
()) Train dcpot ................................................... 53
3. Exccution of construction . ...... . ... . . 5 g
1) Topography and geology and carthquake of Guadalajara City <+ oo o - oo oo L1 53
2)  Excavation without road surface coverand crossbeams ... .. .. ... .. oL 58
3)  Cutting with road surface cover and crossbeams .. ..o L Lo Lo o oL 58
4) Road surface COVETING . o oo e 54
5)  Steel pile hanging-downmethod ™ . . ... ... .. L 54
6)  Uaderground continous wall method oo o oL
7y Underpinning ol building .« . .. 55
8)  Horizontal tunnel excavation ... ... L. e 55
9y Underground installations .. . ... 55
10)  Other methods o oo vt e e 56
CHAPTER XII. ELECTRICAL FACILITIES AND DISASTER PREVENTION
FACILITIES - - - o o e e 57
1. Transforming facilities ... .. ... .. .. 57
2. Power supply [ocilities - -« oo 57
3. Signal and safety facilities .. ... ... o Lo 57
4, Communications facilities - - - - - o oo o e 58
5, Disaster prevention facilifies - -« - - -« v v e e 58
6. Ventilntion rnci{ities .............................................. 5 8
1)  High temperature and humidity inside the tunnel -+« -« - - oo oo i o 58
2) Natural venttilation - -« v« v o m e e e e e e e e e e e e e e e e 59
3)  Mechanical air conditioning - -+ - - o Lo Lol 59
CHAPTER Xlli. THE PRIORITY OF THE EXECUTION OF CONSTRUCTION
AND THE TIME FOR COMPLETION OF THE WORK - .- .- G0
1. The priority of the execution of construction . . ....... ... ... ... ... .. S50
1) INtrodUCEIOn - o v o e e e e e e e e e e e G0
2) Route NO. T i e et e e e e e e e e e e e 60
3) RoUIe N, O v it et e i e e e e e e e e e e e e e e e e e e e 6 1
4) RoUte NO. 3t o e e e e e e e e e e e 61
S) Route No. d v o o o o o e e e e e e e e e e [
2. The time for completion of the work . ........ ... .. . ... o L 81
CHAPTER XIV. ESTIMATED CONSTRUCTION COSTS - .-~ .ot 65
CHAPTER XV, MANAGEMENT PLAN - .. ... 70
Lo Operating cost -« oo o m i



S

Number of passengers and train kilometers .. ... ... . oo 70

Business profit ... . . e 70
ACCOUNTIME - o oo e e 71
Munagement orgamization ... .. 71

CHAPTER XVI. SUBWAY SYSTEMS IN SEVERAL CITIES OF THE WORLD - 81

A e

I Y o < B
B0, . . . . e e 82
507 1 ¢ o 82
Philadelphia - . . .. . . e e 83
PaIEES . e 84
MoOntreal . .. . e e e 85
B S 4113 7+ TR R 36

APPEND'X .............................. S T 88



]

COMPLETE MAP OF MEXICO ~ )T Figl—1 g

! ' [ >
. | oKLAHOMA 7 orEnnESSEE 7
| il
o T, | ARKANSAS l |
\\g . Lﬂ‘ﬂ‘fm-\”-_/-f\\i,_\ (r i |

/ Lo Lo issassipPrl ALABAMA \
‘ u:_ia_z? Juarez \- \J/ l I i
N Y |

CUATEMALA ’
CHONDURAS |
<. P
~— A
,_"‘—'\‘ r‘--—v
\ J




CHAPTER 1. GENERAL

1. Preface
1) The lformalion and purpose of the investigation mission

Since the Mexican Revolution of 1910, United Mexican States has made a remarkable prowth as a modern
state with its rapid economic development.

In recent years, however, there is rapidly growing concentration of population in the major cities of Mexico
as in the big cities of other countries and the urban transport system, which has depended selely upon
automobiles, is now in a state of being saturated with traffic. This state of things is observed in such big cities as
Mexico Cily, Monterray and Guadalajara.

In Mexico City, the capital of Mexico, a plan was [ormulated in 1963 to construct a snbway network and
- work went under way immediately so that the new subway system is expected lo go into operation very soon.

Guadalajara, the second largest city in Mexico, has a population of 1,400,000, Although its population is
still much less than that of Mexico City, it is expanding rapidly at an annual rate of more than 8 per cent with
the result that the city has tremendous traffic congestion during the rush hours in an increasing number of

* sections. ' _
In an effort to solve this problem, Lic. Francisco Medina Ascencio, Governor of State of Jalisco, set his eyes
~ on the technical knowledge and skill of Japan which had already sent an urban transport investigation mission to
many countries of Central and South Americas and requested the Japanese Government through the Japanese
Embassy in Mexico to send an investigation mission to his country as stated below.

Guadalajora City the capital of Jalksco State having 1,200,000 inhabitants at present is second largest city
in United Mexican States, and is increasing its population at the rate of 8% per year. This expiosive development
is causing many troubles in the yrban transportation of the city, and the problem should be settled immediatley
by setting up the new transportation fucilities, such as Subway, Trolley buss or Mono-Rail. In order to adopt a
concrete plan of the new transporiation system, the Government of Jalisco State would like to have a
cooperation from Japan, by receiving a survey mission which will study and investigate on the transportation
troubles, and give the technically, and economically recommendable transportation system to be set up in the
very near future. And after the decision of concrete plan, the Government further would like 1o have the
cooperation from Japan to realize this project by supplying material, equipment and engineering from Japan,

On receiving the request, the Japanese Government determined to send an investigation mission to Mexico
as a link in the chain of its program of extending technical cooperation to the Latin American countries, and
requested the Japan Overseas Technical Cooperation Agency to undertake the project. The Agency in turn
asked the Railway Supervision Bureau of the Ministry of Transporldtlon to select suitable persons to form the
investigation. mission to be sent to Mexico.

As shown in the above request, the purpose of the investigation mission was to make investigations of the
urban structure, demography, physioclogy, topography and geology of Guadalajara City to find out an urban
mass transport system best suited for the city and make the most practical city transport plan while taking into
consideration on the future traffic requirements of the city, and submit the prepared report to the Govemmem
af Jalisco State,

The report was made in two installments—the. mtermedmte report made in Mexico and the final report after
the return of the mission to Japan. :
The intermediate report gave only the broad outline of the results of investigation because of the limited

. time and personnel that were available in Mexico. The intermediate report was submitted to Governor of Jalisco
State on January 13. '

After returning lo Japan, the mission made a careful study of the extensive materials obtained while stdymg
in Guadalajara City and analyzed the various problems of the urban traffic and transport system of the city,
using the knowledge of the urban transport system in various cities of' the northeastern region of the U.S.A,
visited on its way home, and prepared its {inal report containing the basic plan for the recommendable urban

transport system, and the design, construction and management of it, for submission to the Government of
Jalisco Staie through the lapanese Embassy in Mexico.

2} Composition of the investigation mission

The mission, headed by Mr. Hiroshi Takeda, deputy director of the First Constructlon Department of

Tokyo, the Jupanese National Railways, was camposed of five experts in city pl.mmng, urban transportation,
surfuce and underground transport systems,as listed below.

Chiel s v v v v e e e e et e e Mr. Hiroshi Takeda

Deputy Director of First Construction Department
of Tokyo, Japanese National Railways



MEmMBDEr - o v e v ane e Mr. Susumu Taniguchi
Chief of First Sub-section of Public Facilities,
Second City Planning Division,
_ Capita! City Development Bureau of Tokyo Metropolis
Member........v i , .. Mr, Rekuro Inoue :
Deputy Chief of Second Station Section, Construction
. Depariment, Japanese National Railways
Member...... ... ... Ceeeeas Mr. Satoru Hara :
' Special Assistant to the Chief of the Urban Transport
Section, Secretariat to the Minister, Ministry of Transport.
Member..... [P e Mr, Minoru Arai
Engineer of Second Designing Section, Construction
_ Headquarters, Teito Rapid Transit Authority
The foliowing engineering expert assisted in the making of the present report after the return to Japan of
the investigation mission from Mexico. ' . S
Akio Kawasaki ....... e Chief of Machine Section, First Constrnction
' Department of Tokyo, Japanese National Railways
3} Cooperation given by the Government of Jalisco State and other public organizations concerned
The investigation mission was provided with the following convenience by the Government of Jalisco State.

Interpreter-translator (Spanish - English ) ... e 4
Office ROBIM e e 2
Automobile 2

The drivers of the cars that were placed at the disposal of the mission were uniformed policemen and this
proved very advantageous for the mission. Since the subjects of investigation were in the jurisdictions of several
departments of the Government of Talisco State, a meeting of the chiefs of all the departments concerned were
held once a week as proposed by the chief of the economic department.

We were fully satisfied with the convenience given to us and very much impressed with the great willingness
of the Government of -Jalisco State and other public organizations concerned to cooperate with us. Taking this
oppportunity, we acknowledge especially the Kind help of the following persons.

Economic Department

Chiefl Lic. Juin Deigado Navarro
- Representative _ Lic. Sixto Gorjon Mascarefias-
_General Coordinator - Arq.Guillermo Navarro Franco |
Office Inventory Resource
Chief - ‘ Ing. Ramén Hanon Montero
Public-works Department :
Chief * Arq. Guillermo Quintanar Sualegui
Deputy Chief- Arq. Humberto Ponce Adame
Deputy Chief Ing. Judn Jiménez Romo
Traffic Departmént .
Chief Mayor Alfrode Medina Guerra
Representative  Ing. Alfonso Lozano Gallo
Public Relations Department
Chief Ing. Rubén Rios Ahumada
Jalisco State Urbanization and Planning General Council
Chief Arg. Eduardo Ibanez
(Project Office Chief)
Coordinator Arg. Guillermo Navarro Franco
Coordinator Arq. Daniel Vdzquez Aguilar

Public-works Department and Municipal Service
Chief ing. Rector Luna Arias

Department of Technology, Guadalajara University
Dean Ing. J. Jesus Moncayo -
Ing. Javier Saborio Ulloa : ‘
Ing. José Abel Saluzar
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We are also gratetul for the peat services given fo us by the following persons who accompanied s as
interpreters everywhere we went during our stay in Mexico.

Sran Dolores de Wence
Srita.Olga Estela Lozano
Srita Sumako Yamamoto

8r. Ricardo Makolo Yanume

4)  Ninerary of the investipation mission
The investipation mission left Japan from the Tokyo International Airport on December 10, 1968 and
arrived in Mexico City on the Flth of the sume month, After making necessary arrangements al the Japanese
Embassy, the mission accompanied with Commercial Attaché Okane arrived in Guadalajara City on December
12. The mission started its activity alter muking arrangements on the details of its investigatory work in the
conlerence room of the Jafiseo State Planning Department the next day. The mission made investigations in and
around the cily, gathered necessary informational materials and had discussions during a period of one month or
s0. On January 13, 1969, the mission submitted its intermediate report to the Gavernor of Jalisco Staie and left
the city. Tt arrived in Mexico City on January 14 and inspected the work presently under way on a subway
system. in order Lo have additional knowledge of the subway systems in the cities of the Northeast of the US.A,
in relation 1o the study of the urban transportation of Guadalajara, the investigation mission split into two
groups and left Mexico City for the U.S.A. on January 16, One group toured to Boston, Philadelphia and New
York and the other to Chicago and New York, The miission retured to Japan on Januvary 23 via San Francisco.
The itinerary of the mission was as {ollows.
December of 1968
10 (Tue.) Left the Tokyo International Airport and arrived in Los Angeles.
11 (Wed.) Left Los Angeles and arrived in Mexico City. :
12(Thu.) Made nccessary arrangements on the work of the investigation at the Japdncsc Embuassy
and arrived in Guadalajara City,
A3 (Fri.)  Had the first meeting on. the wrban transport system with !hc officials of Jalisco Stme with
_ Commercial Attach¢ Okane in attendance,
14 (Sat.} Inspected the traffic situation and urban epvironmental conditions of Calzada Independencia,
Av, Vallarta, Av. Javier, Cuidad Granja, and Prados Vallaru,
15 (Sun.} Holiday
16 (Mon.) Inspecied the traffic situation and urban environmental conditions of Av. Lépez Mateos, Las
Fuentes, Colonia del Sur, and Zona Industrial, and the only bus terminal in the city.
£7(Tue.) Inspected the raffic situation and urban environmental conditions of Av. Alculde, Calzada
Maneul Avila Camdt.hu, Lapopun. Zoqguipan, Atemajac, Av. Las Amcmas and Chapuliepec
Country.
18{Wed.)  Met Arg. Guillermo MNavarro to mke additional questions and urge him to provide needed
informational” materials at the carliest possible time. Heard the explunations on the city
planning of Guadalajara given by Arq. Navarro and Arq. Vazquez at the Planning Dcpurlmcm
of Jalisco State,
19 (Thu.) Made a study on the drawings ol city planmng Of Gradalajara and heard explanations given by
Ing. Lozano Gailo, Deputy Chiel of Traific Departiment in the office.
20(Fri.)  Had the second joint meeting with the atiendance of the chief of the departments concerned..
' Obtained some materials. Told that the rest of the required materials would be made available
within a week. It was agreed at this meeting that Arq. Navarro would therealter act as the
general representative of the Mexican authorities and he would be responsible for gathering all
necessary informational materials from. the governments of Jalisco State and Guadalajara City
and privale business orgamzauona
21 (Sat:) - Made a study on the collecled materals in the office during the morning. Spent the afiernoon
" inspecting the consiruction of residential houses in the southern suburb of the city.
22 (Sun.) Holiday _
23 (Mon.) Inspected the main sewerage presently - under construction in Av, Lopez Mateos. Heard
explanations given by Arg, Guillermo Quintanar and Arq. Ponce Adame on the nature of the
soil, cement, concrete, seinforcing steel, cost of labor and other matters concerning the
construction project.
Spent the alternoon in sludyuu, the malerials pathered during the morning.
24 (Tue.) Studied and processed the obtained data in the office. throughout the day.
25 (Wed.}) Christmas holiday '
26 (Thu,) " Visited Guadalajara University and ‘heurd mpiandtmns given by Ing. Moncayo, Dean of
. Department of Technology, and Ing. Javier, Moreno, Professor, on the nature of the soil and
the foundation work for the main buildings in Guadalajara City, Inspected the trafTic situation
and urban environmental conditions of Hacienda de Huentitan, Sn. Martin, and Circunvalacidn
: -3 -



27 (Fri))

28 (Sat.)
29 (Sun.)

30 (Mon.)

31 (Tue.)

Belisario.

Ing. Jiménez Romo visited our office to explain to us about the sewerage system construction
work in the city. Had the third joint meeting, where the following four films brought by the
mission from Japan were shown,

{1) The New Tokaido Line

(2) Railway-bridge of Light-weight Concrete _ .

(3) Revelution of Urban Transportation, Monorail

{(4) Subways in Tokyo ri

[nspected the housing situation, urban facilities and traflfic situation in thalgo l’rov1denud and
Lomas del Valle.

Holiday (Inspected the traffic situation and urban environmental conditions in and around
Tlaquepaque.)

Started formulating a plan for the proposed subway system in our office in the morning. In the
afterncon, Ing. Lozano Gallo visited our office and exchanged views on the problem of traffic
with reference to the statistical diagrans of traffic.

Dr. Luther Garcia visited our office and explained to us about the subway construction project
in Mexico City.

January of 1969

I (Wed.)
2(Thu.)

3 (Fri))

4 {Sat.)
5 (Sun.)
6{Mon.)

7 (Tue.)
8 (Wed.)

9 (Thu.)
10 (Fri))

1 1 (Sat.}

12 (Sun.) -

13 {Mon.)
14 (Tue.)
15 (Wed.)

16 (Thu.)
17 (Fri.)

New Year’s holiday

Spent the whole day in our office making the final study of the collected informational
materials. Exchanged views with Arq. Navarro on the subjects to in the intermediate report
during the evening.

Visited Banco de Comercio de Guadalajara, accompanied by Ing. Ruben Ahumada, Chief of
Public Relations Department, and heard explanations given by Director Jorge Galindo on bank
investiments, loans interest rates, etc. in the morning. In the afternoon, we explained 1o Arq.

Quintanar, Arq. Navarro and Arq. Ponce Adame about the subway construction plan and:
conducted discussion on the matter.

Engaged in the making of our original plan for the subway system.

Holiday

Ing, Lozano Gallo visited our office to give us addijtional informational materials concerning the
traffic situation in the city.

Inspected the sewerage system construction work in lhc morning. Heard explanations given by
Arq. Ponce Adame about the nature of the soil in this district. Watched the work of blasting the
rock located 6 meters underground.

Completed the drafting of our original plan and started translating it. Checked the translation
line by line with the help of Arq. Navarro. Working (il late at night every day since the
beginning of this week.

Had the final consultation with Arq. Navarro and completed our intermediate report.

At noon, Lic Francisco Medina Aseencio, Governor of Jaliseo State, visited our office and heard

our explanations about the contents of the repoort. He invited the investigation mission to the
Guest House. At 8 p.m. we showed the movies at Guadalajara University and gave lectures on
urban transportation.

Had a question and answer session with rcgard to the intermediate report. Had the final joint"

_ meetmg to determine when and how the (inal report should be submijtted. Commercial Attaché .

Okane from the Japanese Embassy was present. Invited to a rccept:on gwcn by the Mexican
authoritics concerned in recognition of our service.

Saw the sights of Guadalajara City through the good offers of Ing. Rubén Ahumada, Chief of
Public Relations Department.

Left Guadalajara City in the afternoon and arrived in Mexico City in the cvenmg of the day.
Made necessary arrangements for the futire work at the Japanese Embassy.

Inspected the subway construction work now under way in Mexico City. Visited the Japanese
Ambassador in Mexico to report to him on the results of our investigations made so far in
Mexico. It was decided that our final report should be submitted to the Government of Jalisco
State through the Japanese Embassy in Mexico within several months after the return to Japan
of the investigation mission after its tour of the cities of the norlheast of the U.S.A, Lo inspect -
the subways,

Left Mexico City. One group arrived in Boston and the other in Chicago.

The group that had arfived in Boston mspected the subway situation in the city and left the
city in the evening and arrived in Philadelphia. The other group inspected the subway system in



Chicago and left the city in the evening and arrived in New York.

18 (Sat.) The former group inspected the subway system in Philadeiphia, Leaving the city in the evening,
it arrived in New York. The other group inspected the subway system in New York.

19 {Sun.) The two groups joined together and inspected the subways in New York.

20 (Mon.) Left New York and arrived in San Francisco. Inspected BART in the afternoon.

21 (Tue.) -~ Left San Francisco and arrived in Honolulu,

22 (Wed.) Left Honolulu, '

23{Thu.) Arrived at the Tokyo [nternational Airport,

2. Introduction :

Il was necessary for the investigation mission to have a general knowledge of Mexico, the Federal District
of Mexica, and Mexico City in compiling a report on the results of its investigation of the urban conditions and
traffic situation in Guadalajara City. For this reason, what the mission had learned from several books and
during its stay in Mexico will be given below.

1}  United Mexican States (Fig. 1--1)
' Location: The United Méxican States borders on the Umted States of America in the north and
British Honduras and Guatemala in the south and faces the Pacific Ocean in the west and the Gulf of Mexico in

the east. The country has a total area of 1,990,000 km?, about five times the size of Japan that covers 370,000
km?.

The populations has been increasing steadily as seen from the statistics below.

Year _ Population

1950 vt 26 000,000
1960 wrveveremassmnincns s 35,000,000
1965 ovvveevrmmssenmssesnsisssissvesnec s 41,000,000
JOBE wwreererresrurrnronseressassarnnsssanessmrnsnscsses 46,000,000

The populations in all states in 1950 and 1960 and their estimated populations for 1970 are given in Table
1-1.

Table 1-1.  Gobierno Del Eslado de Jalisco Departamento de Economm
' Poblacion Estatal

Superficil _ ] Afios

Entidad (km?) 1950 1960 1970

Aguas Calientes ’ 5,589 188,075 243,363 314,887
Baja California N, 70,113 266,965 520,165 1,192,114
Baja California 5. 73,667 60,864 81,594 . 109,377
Campeche _ - 56,114 122,098 168,219 231,755
Coachuila 151,571 720,619 907,734 1,143,382
Colima 5,455 112,321 164,450 240,771
Chiapas 13,887 - 907,026 1,210,870 1,616,390
Chihuahua C 247,087 846,414 1,226,793 1,778,114
Distrito Federal - 1,499 3,050,442 4,870,876 7,777,328
Durango 119,648 629,874 760,836 919,014
© Guanajuato ) 30,589 1,328,712 1,735,490 2,266,723
Guerrero _ 63,794 919,386 1,186,716 1,531,694
Hidalgo - 20,987 850,394 994,598 1,163,182
Jalisco 80,137 1,746,777 2,443,261 -3,984,959
Mexico . 21,461 1,392,623 1,897,851 2,586,012
Michoacdn 59,864 - . 1,422,717 1,851,876 2,358,364
Morelos : ) 4.94] 272,842 386,254 546,834
Nayarit 27,621 290,124 - 389,929 - 524,065
Nuevo Ledn 04,555 743,191 1,078,848 1,972,421
Oaxaca 95,364 1,421,313 1,727,266 2,098,974
Pucbla 33,919 1,625,830 1,973,837 2,396,238
Querctaro . 11,769 286,238 355,045 440,362




Quintana Roo 42,030 20,967 50,169 93,329

San Luis Potosi . 62,848 856,066 1,048,297 1,283,640
Sinaloa 58,002 635,681 838,404 973,806
Sonora ' 184,934 510,607 783,378 1,201,859
“Tabasco 24,661 362,716 496,340 679,142
Tamaulipas - 79,829 718,167 1,024,182 1,460,586
Thexcala 3914 284,551 346,699 422,418
Veracrus 72,815 2,040,231 - 2,727,899 3,647,201

Yucitan 43,379 516,899 614,049 729429
Zacatecas 75,040 (465,524 817,831 1,004,951
Total 1,967,173 25,779,254 34933129 48,289,321

Fuente Estimaciones del Departamenta de Economia en base a los censos de 1950 y 1960,

Race:  The majority of the Mexican people are of mixed Indian and Spanish blood and only a compara-
tively few are pure Indian and white such as Spanish and other Europeans naturalized in this country.

The whole LOLHI“’Y is divided into 32 administrative districts, namely, a Federal D:stml, 29 States and two
Territories. :

Politics and economy: Mexico adopts a federal republican form of government and is one of the countries
where the political situation is most stabilized in central and South Americas. The Mexicuns are a patictic
people. Mexico is rich in agricultural products and the living standard is higher than in other countries of this
part of the world. The Governmeni of Mexico is now endeavoring to transform the country from an agricultural
nation to an agricaltural and industrial nation, lts monetary units are peso and centavos. One peso is equivalent
exactly to 28 yen and 80 sen (¥28.80) bui it would be convenient to regard one peso as worth about ¥30.

The Mexican society can be roughly divided into three classes--the upper, the middle and the lower classes,
The upper class is composed of such people s bankers, business and industrial managers, senior engineers, and
highranking goverment officials of the department chief ciass, Belonging to the middle class are ordinary public
service employers, enginers, school teachers and other white collars, doctors and mierchants. The lower class
consists of day labarers, junitors, house servants and so forth, The people belonging to the upper class is greatly

- limited in number while the middle is explanding at a staedy rate,

The main agricultural products of this country are cotton, coffee, corn, sugar, fruits, meat and so forth
Rice is produced only to the extent that it is used as a subsidiary food. Mexico is rich in mineral resources and
ranked high in the wotld in the production of silver, lead, mercury, copper and gold.
The educational standard is still not so high because about one-third of the people are said to be 1Illterdte
The Government of Mexico now makes it one of its most important policies {o raise the educational standard of
the people. Mexican primary scliool education is now compulsory.

Transportation: Mexico has the nationwide networks of airline, hlghway and railroad services. The domestic
airways are well developed and the major cities have a good airport so that the inter-city transport may be
greatly sped up. There are good highways and wekl-developed long-and medium-range bus transport services.
There are also many privately operated automobiles. The railroads give emphasis to the transportation of goods.
Only a small number of passengers use the railroad service for long-distance travels.

Touriam: Blessed with the bright sunshine, beautiful scenery and the ruins of the fascinating ancient

- Mexican civilization, Mexico is an internationally famous tourist country and yearly attracts about 1,500,000

tourists [rom overseas, earning foreign currencies equivalent to ¥150,000 million. This figure is well over the
total cost of construction of the proposed subway system in Guadalajara City, which will be discussed later in
the present report.
2) Federal District of Mexico, Mexico City and Guadaldjam City

Mexico City, the capital of the United Mexican Slates is one of the 13 admlmstratwe sections of the
Federal District of Mexico. Mexico City covers 138 xm? and the Federal District of Mexico 1,500 km?. The
Federal District has a popufation that has been rapidly increasing in recent years as seen from the following
population figures. ‘

Year Population
1960 4,870,000
1965 6,300,000
1966 _ 7,200,000

‘About g half of the pobu]alinn 40_f the Federal District is concentrated in Mexico City, whicl is on a planeau
2,240 melers above sea-level. Situated in lat. 19°N, Mexico City has a climate of continual spring, 1t is a city

— § —



strongly international in appearance with modern buildings standing side by side along the streets.

[n contrast to Mexico City, Guadalajara that is the capital of Jalisco State is 4 beautiful old city with a
population of 1,400,000 and an area of 188 km?, 1,567 meters above sea-level and in lat. 21°N, and about 600
kito-meters northwest of Mexico City.

‘This City has been making a continuous growth with its steady economic development and yet the citizens
are known for their traditional simplicity and friendliness. It is also reputed for its beautiful women. If Mexico
City is compared to Tokyo, Guadalajara may be compared to Kyoto. We, the members of the investigation
mission , stayed in Guadalajara for so short a period of time and were so busy during the period that we were
not able to fully appreciated the beauty of this old city and to understand the goodwill of the people. However,
as time went by after our retun to Japan, we have growing nostalgia for the days we passed in this beautiful city.
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CHAPTER !I. THE PRESENT STATE OF AFFAIRS IN JALISCO
STATE AND GUADALAJARA CITY

1. Topography

Jalisco State is one of the. 29 self-governing states and is situated nearly in the center of the Republic of
Mexico (Long. 101°—105° West and Lat. 19°~23° North). it faces the Pacific Ocean in the west and borders on
Mayarit State, Durungo State, Zacatecas State and Aguas Calientes State in the north, Guanajuato State in the
east und Michoacan State and Colima State in the south. The total area is 80,137 km?. The northern past of the
state has the southern end of the mountain range of the Sicrramandore Qccidental that-extends from north to
sough along the coast of the Pacific Occan. Most of the state, except the mountaneous range, are highland
plateaux about 1,500—3,000 meters above sea-level and the basins along the Samiago River and Lake Chapala.
In the southern part of the state are the mountainous range including Mt. Colima and Paricutin Volcano, a
vaung volcano that appedmd in 1943. The temperature ranges from 6° C to 38° C with the annual average of
16% C. and the annual average rainfall is 850 wm.

Jalisco State is divided into [24 municipios (counties) that belong to five regions. Guadalajara is the capital
ol Jalisce State.

Region de la Costa is situated in the west ol Jalisco State, bordering on the coast of the Pacilic Ocean
Puerto Vallarta is the principal city of ihis region that is composed of 1§ municipios {counties).

Region Norte is the northern mountaineous area, which is divided into 10 municipios (counties), 1ts
principal city is Colotlan,

Region de Los Altos covers the eastern highland plateau and has 23 counties, Lagos de Moreno and
Tepatitlan are the most important cities in this region, -

Region Sur is the southern plateaux and divided into 43 countries. CD Guzman is the principal city of this
regiun.

Regijon Central is the central plateaux and has 37 counties, It hdS six major cities - Tlaquepaque, Zapopan,
Tequila, Ameca, Ocotlan and La Barca.

Guadalajara, the administrative center of Jalisco State, is situated nearly in the center of Region Central in
Long. 103° West and Lat. 21° North. It borders on Municipio Tlaquepague on the east and Municipio Zapopan
on the west. The city has a total area of 188 km?, located along the upstream of the River Santiago on the
plateauz 1,567 meters above sea-tevel. It sprawls in a basin with its downtown area on the bottom.

Guadalajara has developed from a community formed along a river and was established as a city in 1530. It
is the political, economic and cultural center of Jalisco State with the history of 427 years.

The city is divided into four administrative sectors, namely, Libertad, Reforma, Hidalgo and Juarez by the
streeis of Eje Gigantes, Morelos, Calzada de Las Higuerillas and Calzada Independencia

2. Population and density of popu[atmn
As shown in Table 2 - 1, the population of Jalisco State was about 2,440,000 in 1960 and increased to
about 3,440,000 in 1967, showing an average annval increase of about 143,000 or 5 per cent a yeor during the
past seven years. The average annual increase during the period between 1960 and 1965 (5-year period) was
about 135,000, During the two-year period {rom 1965 to 1967, the population of this state increased by an
annual average of about 160,000 a very rapid increase that has no peralle! in any other state.
~ As seen from Table 2 - 2, the population of Gaudalajara was about 740,000 in 1960 and it increased to
about 1,330,000 in 1967, an yearly increase-of 8.8 per cent or about 84,000. The yearly average increuse during
the five years from 1960 to 1965 was aboui 76,000. The city’s populalion also increased rapidly during the two
years from 1965 to 1967, showing an annual average increase of 102,000, The population of Guadalajara has
increased at a rate considerably greater than that of jalisco State.
As shown in Table 2 - 1, the population density of Jalisco State is rather low with 43 persons per square

kilometer while Guadalajara City has a considerably high density of 7,100 per square kilometer.

~ The urbanized arcas, as shown in Table 2 - 3, particularly the old urban arcas, except for the high-class
residential area in the downtown and western areas of the city, has a high density of population ranging from
15,000 10 30,000 per square kilometer. The densly populated section east of the city’s center has 30,000 .
resident per square kilometer. There are some arcas of extremely high population density of more than 30,000
persons per square kilometer that are scatiered in the downtown area of the cily. [n the suburban districts,
Tlaquepaque and Zapopan have refatively high popuiation densities ranging from 15,000 to 30,000 per square
kitometer, which are considerable higher than the population densities of the wards of Tokyo Mctrupohs that
are given in Table 2 - 3.



3. Industries and employed workers

Jalisco State has a mild climate throughout the year and abundant rainfall and (ertile farmiands. It is the
treasure house ol agriculture, slock-breeding, forestry, hunting and fishing. The most important farm product is
carn, which amounts to 2,500,000 tons or more than one-third of the tolal farm production of the nation. Sugar
is another important agricultural product. Cattle-breeding is particularly important in the livesstock raising
industry of this state, in which as many as 5,500,000 cattle are now being bred. As is shown in Table 2 - 4
which gives the numbers of people employed in various industrics of this state, 45.5 per cent of the totaj working

- population are employed in agricuiture, stock-breeding, forestry, hunting and fishing, 22.9 per cent in manufac-
turing industries, 12.5 per cent in commerce, one per cent in mining, 3.8 per cent in transportation, 14.2 per
cent in service business, and 0.1 per cent in other trades. As is seen from Table 2 - 5, there is a steadily growing
tendency for Jalisco State to shift gradually from pure agriculture to agriculture and industry,

In contrast, as many as 39 per cent of the working population of Guadalajara are employed in
“manufacturing industry as seerrin Table 2 — 4. Chenical industry takes 30 per cent of the population employed
- in manufacturing industry, followed by service business that takes 24 per cent and commerce 22 per cent while

agriculture, stock-breeding and other primary industries take only 7 per cent, .

As secn in Table 2 — 4, 43 per cent of the total working population of Jalisco State are concentrated in
Guadalajara City. The concentrations of the working popufation in the city are 73 per cent in manufaciuring
industry and about 74 per cent in service business, commerce and transport business. In other words,
Guadalajara is the commercial and industrial center of Jalisco State with prolific agricultural hinterlands.

The main products of the city’s manufacturing indusiries are ail, fats, soap, refined and unrefined sugar,
aleohol, food (nutritious), shoes, clectricity, metals, furniture, textiles, clothing, glass and so fortl.

As will be seen from Table 2 — 7, the ratio of employed population to the total papulition of Jalisco State
is 30 per cent and the corresponding percentage for Guadalajara is 33 per cent, O the jobless people who take
67 per cent, 30 per cent ure children younger than 12, students account for 6.5 per cent, those who are
oceupied with household duties 28,2 per cent, and others 2.3 per cent. .

Fig. 2 — 4 shows the breakdown of the employed workers by age. As seen from this diagram, men and
women of about 30 of age take the largest percentage and 50 per cent of them in an age bracket of 25 to 30 are
employed. In this bracket 92 per cent of men and 41 per cent of women are employed.

The breakdown of all the employed people by type of profession shows that 2.2 per cent are the holders of
managerial positions, 10.7 per cent for clerical workers, 19.9 per cent for salesmen, 7.1 per cent for farmers,
42.3 per cent for biue collars, and [7.8 per cent for those engaged in household duties and others.

>
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4. Urban structure
1) The history of urban development
The city of Guadalajara was lounded.in 1530. As shown in Table 2 - 5, in 1542 the ¢ity was composed of
four communities — a community centering around the cathedral located in the center of the present city, two
communitics on bolh sides of the present Calzada Independencia, about one kilomeler south of the center of
the cily, and one community located south of the Mezquitan ceimetery, about 1.5 Kilometers northwest of the
center of the city. In 1750 the cily incorporated (wo more communities in the south, showing a trend to
expand Lo the south. In 1940 the city absorbed some more comimunities in the northwest, expanding to the east
and west. In 1950 it further expanded to the west as {ar as Municipio -Zapopan and a new community of San
Martin was formed in the northeastern section. The city made a rapid expansion in 1960, especially in the
southwest section and incorporated Zapopan in the northwest, Oblatos in the northeast and Tlaquepaque in the
sontheast, The city is still continuing to expand in all directions. The urban area now extends 15 kilometers
from cast to west and 10 kilometers from north to south.
2) Use districts (Fig. 2-86)
Guadalajara City is divided into 5 areas respectively designated as: (1} exclusive commercial area, (2) commercial
area, (3) high-class residential area, (4) middle-class residential area, (5) ordinary remdcntlal area,
- {1} Exclusive commercial arca
This is a downtown area covering about 2 kilometers, centering around the Central Cathedral. Here is
a government office and business center containing the State pavernment office, the city office, business
offices, theaters and courts, as well as a shopping cemter including depariment-stores, high-class specislity
shops, high-class restaurants, movie houses and the like,
(2) Commercial areas -
These are the areas extending along the peripheral areas of the downtown exclusive commercial area
and the radial artery roads, the area sandwiched between the downtown arca and the plaza in front of the
railroad station, the area around the bus terminal, and the area around the crossing of the Zona Commercial
Lafayeite and the Avenida Juarez. This area is the mixing arca of business, commercial and residential arca.
(3) High-class residential area
This is the arca which extends centering around Ave. Vallarta in the western part of the downtown
area and stretches along Ave. Lopez Mateos, an arterial street running from norih to south. to Jardines del
County in the north and to Ciudad del Sol.
{4) Middle-class residential areas
The middle-class residéntial areas are in the peripheral area of the downtown area in the center of
the city, around Algodonal in the northwestern section, around Fraccto Independencia in the northern
section, and along Avenida Javier Mina. an arterial street running from east to west, stretching to San
Andres,
{5) "Ordinary residential areas :
This type of residential arcas-are found around La Federacha in the north, San Andres in the east, San

Pedro Tlaquepaque in the southeast, Zana Indusmal in the south, and along Calzada Manuel Avila mecho
and Avedej Trabajo in the northwest.

" Residential building lot

High-class residence: ' Usually 1,000 mz of 50 -
Middie-class residence: : Usually 200 m? {10m x 20m)
Low-class residence: Usually 105 m (T % lSm)

The average famlly has about 7 members.

No specific area has been reserved specially for industrial purpose but now the Zona Industrial js being
prepared for this purpose in the southern part of the city. This city has many family workshops,
particularly shoe-makers, scatiered in the downtown area and in the eastern remdentml areas.

3) Urban Facitities (Fig. 2 -~ 7)

The following is a briel description of the wrban facilities in varipus sectors of this city.
(1) Sector Libertad

Sector Libertad is in the northeastern part of the city., To the ‘;outhwest of this section are a large
market place, the Mariachi Plaza, the Cabafias Orphanage that houses the famous fresco “Man of Fire” that
is regarded as one of the greatest masterpieces of the great Mexican painter Orozco, and a bullring, There
are a prisbn_in the south, the Centro Medico social insurance hospital in the west, a bullring in the
northwest and the Guadalajara cemetery in the north. _

The densely populated city areas of this district have many shoemakers® shops scattered all over and

* many dwelling houses. A new residential area is extending rapidly toward Oblates in the northeast,
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(2} Sector Reforma : R : -

This section is situated in the southeastern part of Guadalajara. In the downtown area to the northwest
of this district is a shopping center with many movie theatres. A railroad line of Nacionales de Mexico
runs through the southern part of this sector and along the railroad there is a big public park Gonzalez
Gallo, In the west are a railroad station Estacion de pasajeros and a big public park Agu Azul adjoining -
the station plaza, and a bus terminal the Central Bus Terminal. A big public Patk San Rafael is the eastern
part of this sector and in the center are Ciudad niversitaria, Pensiones Federales and Cuartel Colorado. -

" This sector as Libertad has a high degree of population density in its urban areas and its residential
areas are gradually expanding into the suburbs, absorbing already Tlaquepaque in the southeast.
(3) Sector Juarez : ' - S

Sector Juarez is situated in the southwest part of the city. This section is divided into northern and
southern parts by the railroad line of Nacionales-de Mexico running through the middle of the city from
east to west and there is the yard of Ferrocarril del Pacifico on the northern side. The downtown area in the
northeast contains the government office of Jalisco State, the general headquarters of the university and
other buildings centering around the Central Park. Along Av. Juarez, an arterial road running from east to
west are department-stores and shopping and business centers. Office buildings and hotels stand side by side
along 16 de Septiembre, an arterial road running from the railroad station of Estacion de Pasajeros to the
north. There are many auto-dealers’ shops and business offices along Av. Washington and Av. Nifios Heroes,
arterial roads running in front of the railroad station from east to west. In the west is a high-class residential
area sprawling along Av. Juarez, a street running from east to west, Commercial Lafayette, a street running
from north to south, and Av. Union. In the peripheral areas are emerging high_'-class and middle-class
residential areas such as Cividad Granja, Prados Vallarta, Tepac Casino, Verda Valle and Las Fuentes,

In the scuth Zona (ndustrial (industrial zone) is now under construction and new residential houses are.
being built at Lomas de Polance.

(4) Sector Hidalgo :

Sector Hidalgo is a section situated in the northwestern aprt of the city. In the downtown area in the
southeast are the Central Cathedral, the Liberation Park, the city office, court, museum, greatman temple.
Degoyard theatre ‘and other important structures and also a high-class shopping street with department
stores around them for the center. A big park of Morelos is in the eastern outskirt of the downtown area
and the Revolucion Park in the western outskirt. In the south a shopping street has developed along More-
los, 2 road running from east to west, In the western old downtown area is a high-class residential area
on both sides of Americas. There is a growing high-class residential area in the area of Avila Camacho exten- -
ding to Zapopan in the northwest. In the center of this sector are the Mezquitan cemetery, the Park and the
Alcalde Park and the Hospital Civil and a densely populated middleclass residential area. In the north-
castern part of this sector is a soceer field. : ' '

The northwestern outskirt of this sector has an undulating topography but there is steadily. growing
tendency of urbanization, already absorbing Zapopan: This trend is further progressing to inctude Zoquipan
and Atemajac in the east into the urban areas of Guadalajara. A high-class residential area is now being
developed on the heights of Lomas Del Valle in the western outskirt of this sector. A unijversity is also
under construction, o S o

4) Road and streets (Fig, 2-8-1, Fig, 2-8-2) . : :
Guadalajara is easily accessible by the five main arterial streets radiating from its center. The strects are
Carretera a Chapala radiating from the southeast, a Mexico via Piedad and a Tonala to the east, Carrera a Sal-
-tillo from the north, a Nogales Tequila from the west and Av Lopez Matcos Sur from the southwest.

: (1) Carretera a Chapala is State Road No.35. Linking the city areas and the Guadalajara Alirport, this road
further extends to a villa residential area along the shores of Lake Chapala in suburb about 40 kilometers
away from the downtown area of Guadalajara, It joins with National Raod No. 15 on the western side of the
lake, ' : ' ' .
2) A‘Maxico via La Piedad is National Road No. 80, It is an arterial road that links Guadalajara and

_ SMexico City via Quéretaro and is joined by many (other roads running across the gastern part of Jalisco
tate, ' : '

(3) Carrera a Saltillo is State Road No. 11, a main arterial road connecting the citiésin the northern part

of Mexico such as Zacaiecas and Monterrey . :
(4) A Nogales Tequila is National Raod No. 15, 2 main arterial road linking the major cities along the

northern Pacific coast s._uch as Mazatlan and Mexicali and is joined by many other roads running across the
- northern and western parts of Jalisco State. ' '

(5)  Av. Lopez Mateos Sur is also National Réad No. 15. Thisis a main arterial road that goés around Lake

Mlé;



Table 2-1 Population and population density of Jalisco State

2 : . ' Population density
80,137.00 km Population (per square kilometer)
1950 : - 1,746,777 22
1955 : 2,065,857 26
1960 2,443,261 35
1965 3,120,307 38
1967 3,441,029 43

Table 2-2 Population and population density of Guadalajara City

2 o Population density
187.91 km” Population ~ (per square kilometers)
1950 L 380,266 ' 2,000
1955 530,576 2,800
1960 740,394 3,800
1965 . 1,122,875 5,900

1967 1,326,413 7,100

Table 2-3 Population and population density of Tokyo Metropolis

Population density

Area Pop.ulation (per square kilometer)

- Tokyo Metropolis 2,026.89 11,208,088 3,524

. Central districts

divided into wards 569.51 8,961,545 15,678
" (Large ward) : : _ - :
* Setagaya 58.81 - 769,275 . ' 13,081
Ota’ ' _ 41,70 - . 750,778 : 18,004
©-Suginami - - 33.54¢ 545,902 - 16,276
- (Medium-size ward) ' E g o )
Nakano 15.73 _ 380,344 C 24,180
Katsushika . 2390 . 464,954 13,703
Edopawa _ 45,18 436,467 : 9,661
(Small-size ward) : L S
Minato 19.01 . . . 234,685 . . 12,287
Chuo- .~ ' 9.65 : - 119,219 11,886
Chiyoda : 11.52 88,484 - 7681

(Note) Estimated statistics as of Feb.ruary 1, 1968

— 18-



ELIL  969'GEF - STO'BE 100'vCT 966'STT 801°€ £95°Cs 9zTE0LI 180°01 pSy'ovy - oI'886 - L1961
1191 TLRETl  pIo'ee 656011 61L°T0C 016T LT°9F TTSESI 6r1°8 085 TEr PLEEI6  £961
Lr'y - 9116 €Lt SYO'v8 L95°pel 89¥°T 989°cE EIrsll (8L'y 911'g6E [00°2sL 0961
Y086 LO6'LY BLI'QT 659°c9 w6'L11.  €60'C SIS £EE'l6 TigT AYAIASS LOE1¥9 586l
0SL'€T  6LTOS 99£°c ] RIT'8Y 790'06 SLL'T Ip8°L1 opt'oL 759'1 099'vZE. CIL°6SS 0861
SIati(y acniAIag yodsuz1} 20ILILIY) 14140 sen) UONDNIISUO)) Eorwayy T Bursty Jununy
Aatnasiy Surpy Ansaiog
FuLmoynuE 39015-241"] 18101, TBAA
Ansnpti Juissanoid amynaudy
L961-0S61 . . . .
21815 0dsief jo uone(ndoy padojdiug Jo Umopyealq ISMANISNPU] §-7 IqRY
& RIS 03SHET
o) erefeep
“eng) Jo ouel
£L €L £L L EL 9 99 8L o L BEY a8mad1ayg
- g . cre - . - . . . : : Ay
6 g el L 4 :
o ohe 99 g1z 1'6¢ 90 '8 £0€ ,_ 0 BO0T  eepepenny
T 098 961'TOI T06'LT 97916 889791 69E'C 86¥'vE 1z8tel 0S9'y 019°6T . TESITY
[0 Tpl g€ Tl 67T £0 £ €Ll 0] SSy %00l omﬂw
LT 969°6E1 - STO'8E 100°¥C T 966'STT 80I°E 798'ES 9T€'0L] 18001 pSP'evy  9Tv'886 .
- SIaID ERIAYEY uodsuer] IFUWLQ ) [mogp sen HONANASUOYY TEINUNT) Surysiq .
Anoyaaly : gunung
PR Gy Ansaloq  pIOL
Ansnpur Fuissaaorg ULIMOTINuURY HOOIS-2AT
’ ANnoudY -
£961 :

A1y erefejepens pue 21E1G OSIES Ul S101335 4q uotiefndod pafoduis jo m:cnnﬁ.:mﬂ sduruaniag 7 mSm L

14



€ ZES'ITh Iy otel 60 9CF 886 6ZT0°1v¥'E L961
[ 999°Cot sLgTety 6T ~ PLSETG ~ LOgoTTE S961
P S6£0ST POE0OPL 33 100°LSL 19T EbP'T 096l
143 69p° 181 9L5°0ES [§% LOE° 119 LS8'690°T §get
149 1§9°0¢T 9TZ08¢ e gr4ese LLL'OPL'T 0%61
%, uoliejndod " uonendod ¥, uonepndod uonendod :
pafojdwg ol pakojdiug Elol, map
A1) eie[eEpenn 211G 0IsI[El
Ay riefeepenn pue a1el§ oxsiep w suonendod pakoldwy /-7 2qe],
098 961°C01 06°LL 9L9i6 889491 69¢£°C BEF PE 128°LTI . 059t o_o..om.. CTESTITE L9561
[0 o8y 069'€C LTU'SL 695 TF] iR I T6L'6T £59°011 £6Y'E 769°sT 99979t $961
SOt s6l'0Y 9€L°¢1 ISPLs 61¥'66 LYY LF90T SS1LL 60L°1 610°81 S6E'0ST 0961
PEOPT PLESC £re'9 CPOET 99¢'8Y LEG L16'6 {Is'Le 60t £98'8 1€9°0£1 066l
sipy - aaag  uodsueiy ERIBTiTiTg] TR sen UONOTISUO)) rediuay ) Fuiyst,j Burjuny
: Ansinoag .- Suiury Ansaio BI0L T
o = T UMM NUR 32015-2417 BA
Nsnpur FUIS§a0If o Srm N3y :
L961-0561

K1) vaefejepenn jo uoneg[ndo JO UMOpNERLY ASImANSNpU] -7 J[dRL



27

The working and school hours

Working Hours
Category Working hours Recess ‘Number of trips
Factory 8am ——5pm. 1pm. — 2pm, 2
Shop o -7 2 — 4 4
Bank 930 - 1.30 - 4
Government office 8 -3 - 2
Business office 9 -7 2 — 4 4
Theater 4 —1i - -
Cinerna house 4pm. - 11- Once a week
10 -1 for Sunday Twice a week for
4 - 11 car owners
" School Hours
Primary school 8 am, to 2 pm ar 3pm.to  7pm. (In case of two-shift
system
Morming — boys
Afternoon — girls)
Middle school 8am, to 2 pm. o1 3 pm, to 7 p.m. c. " )
High school 8am, to 2 p.m. or 3 pm.to 7 p.m. ( o )
University 7 a.m, to 9 pam. or T7pm.to 10 p.m. ( " )
(Noté) Only the state-operated schools have afternoon classes.
Sports
- Sports Soccer Wrestling .Boxing '
- Hours 12am, — 2 p.m. 4 p.m, - 6 p.m. ~
‘Days . Sundary Once a week Friday Thurseday
Wedneseday . :

— 16—



Chapala and through the city of Morela to reach Mexico City. It is joined by many roads running the

south and southeastern parts of Jalisco State. '

- In an attempt to lessen the traffic congestion, Guadala]ara accepting, these five main arterial roads,

is now pianning to build by-passes for the four arterial roads of a Nogales Tequila and Av. Lopez Mateos Sur

coming from the west and a Mexico via Lapiedad and Carretera a Chapala coming from the southeast so
that they may be separated from the traffic within the city by elevated roads.

The streets of the city that are linked to the radial arterial roads are the four main streets such as Av. Javier

Mina and Av. Juarez running from east to west and nine main streets such as Calzada Independencia Sur

running from north to south. The city areas of Guadalajara is crisscrossed by parallel streets running from

east to west and from north to south. In the suburban areas the streets radiate from the arterial roads.

Construction of a loop road is being planned and partlally enforced around the downtown area of the city.

When completed the loop road will circle the downtown area about 4.5 kilometers to the east and west and

about 2.5 kilometers to the north and south from the downtown area. An outer loop road is aiso being pla-

nned and partially completed 1o run through the suburban areas of the city (about 11.5 kilometers to the
east and west and about 6 kilometers to the north and about 10 kilometers to the south from the down:-
town area.)

5) Universities _

Guadalajara City has three universities — one state-operated and two private universities. The state
university has many departments that are located scatteved all over the urban area and is the composite univer-
sity and its general headquarters in the downtown area. The studenis come from all parts of Jalisco State and the
Pacific coastal areas of this country and they total about 15,000 at the present time.

One of the two private universities has a long history and has many departments scattered over the city as
the state university. It is now carrying on a five-year plan for concentrating all the dep.irtmeﬂts on the Lomas
del Valle heights about 8 kilometers west of the city, This university has abowl 10 000 students coming from
the State of Jalisco and Central and South American countries. :

The other private university is still young, only 10 years old, and is situated in a high-class residential
arca in the southwestern part of the city, Verde Valle.

6} Railroads _

The city’s railroad station Estacion de Pasajeros located about 2 kilometers south of the downtown area is
linked with the railroad fine of Ferrocarril del Pacifico coming from the west and Ferrocarriles Nacionales de
Mexico coming from the southeast. Ferrocarril del Pacifico runs trains once a day from Mexicali and Nogales
situated on the Pacific coust near the U.S. border and once on every Tuesday, Wednesday and Friday from
Etzatian situated about 60 kilométers west of Guadalajara. Ferrocarriles Nacionales de Mexico runs trains twice a
day from Mexico City, capital of the Republic of Mexico (one of the two trains has first-and second-class cars)
and also from Manzanillo on the pacific coast in the southern part of Ja]:suo State (One of the trains is opemted
once on-every Tuesday, Thursday and Saturday).

These railroads are inter-city ra:lroads between Guada]a_;am and other c;t;es and greater emphas:s is gwcn on ‘
- goods transportation.

T)}Parking Lots : : :
No overall plan has been made as yet for the automobile parking lots in the whole city of Guadalajara. The
. Government of Jalisco State is scheduled to set about making the plan this year.

In order to cope with the steady increase in-the number of automobiles operating in the downtown area of
Guadalajara, multi-stories ferro-concrete parking places are now being built. By 1967 there will be four of such
modern parkmg lots with a combined capacity of accommodating ]000 cars and by 1968 the number is -

“expected to increase to 12 with a total capacity of 2,000 cars.

The city is planning to install more than 2,500 parking meters along both sides of the wide streets near the
downtown area to collect fees from the users of the parking spaces, Thus raised money is devoted to the improv-
ement of the roads and parking facﬂmes of the city. As many as 600 parkmg meters were already set up and fees

coliected by 1967.
The user of the sheltered parking place is charged 2.5 peso per hour tor the first one hour and 0.5 o1 .0

peso more per hour thereafter, The motorist can use the open parking lot with a prkmg meter by paying 0.8
peso per hour, .

5. Transport facilities

Passenger traffic in and around Guadalajara is now carried by buaes. tuxis and privately-owned cars. About
two-thirds of the traffic is carried by buses. -
1} Buses - :
At present 8 privately-owned bus companies are opemtmg bus services in the city. They owned 1,416 buses
in total and were operating 1135 main bus service routes as of 1967. :

.*17_“.
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Buses are the means of transport most popularly used by the ordinary citizens because the bus fare is
comparatively cheap, the buses are operated frequently, the intervals between bus stops are short, and 2
passenger can stop a bus and get on anywhere only by raising his hand in the civic center. About 1,300,000
bus tickets were sold a day on the average as of November, 1968, :

Owing to the restirictions on the use of roads and the transport requirements, each bus line is further

" ramified into several routes, forming a very complicated network of bus lines in this city and thé marking on the

bus showing its route and signs for bus stops-are rather difficult to understand. So, the users of the bus service
except those who are well informed of the bus traffic should ask the driver or be very careful when thuy take a
bus in this city, _
Most of the buses operatmg in-this city are of the bonnet type and have only one door beside the driver’s
seat. Since the “'one-man’ system ins adopted the buses are running with the door epen most of ﬂle time in the
midtown section. .
Since no bus company inthis city sells the cOmmutat:on uckets you must have small change when you take
a bus. Table 2 — 8 shows the numbers of buses owned by the city’s bus companies and the bus service route
operated by them, Fig. 2 — 9 shows the bus routes.

Table 2-8 The number of buses.oﬁvned by the tity’s bus companies (1967)

Name of company Number of buses - |. Number of bus routs

Guadalajara—Tiaquepaque 121 9
Union de Perimisionarios 464 : 33
Mexicaltzingo—Mezquitan 73 - 4
Norte—Sur 93 4
Oblatos Colonias 138 11
Circunvalacion 112 8
Analco Moderna 249 . 31

- Centro Colonias 166 . i5
Total i416 15

Near the center of the city is a large bus termmal for the medlumrange buses running to and from the
suburban towns and villages and- longrange buses running to and from Mexico City and other distant cities.
These buses are popularly used by the people because the bus fares are equal to the railroad rates, the buses are
operated very frequently (at intervals of one hours for the suburban dlstncts) and they run through the most
densely populated areas,

2) Tuaxicabs CL

The city has 34 taxi companies operating about 1,600 taxicabs. These compames have 106 business offices
scattered all over the city (as shown in Fig. 2 —'10).

The business office is required to keep always a fixed number of tax1cabs ready for use by the passengers‘

~ When a car is sent out at the request of a fare; a cab standing by in the ‘garage or at the driver's home will be-

called in to fill the vacancy. This being the case, there are not so many taxicabs cruising along the streets.
Instead, ihere are many telephones on the streets in the midtown district which are exclusively for calling a taxi.

A taxi can be hired easily by making a telephone call, using such street telephones and dny telephones in hotels,
shops and the like.

The taxi fare is uniformly fixed at 5 pesos (%¥150) within the boundaries of the city and it is mcreased to 7

‘o 10 pesos (¥210 — ¥300) if it goes out into the suburbs (for from 6 or 7 kilometers to about 10 kilometers).

The taxi fares are considerably high, compared with the bus service. However, there are so many taxicabs in this
city that you will have not much difficulty in hiring a taxi even during the busy tourist season. The Government
of Jalisco State is now studying a plan for adopting a meter system for the tax;cabs so that they may be used '
more easily by ordinary cmzens
3) Private passenger-cars :

There were 47,100 pnvatelyﬂWned cars in this mty as of thc end of 1968. Thls means that there was one
car for every 32 persons in the gity,

Mexico does not import foreign-made ' passenger-cars and instead manufactures cars in thc country by
mtmducmg foreign capltal For this reasan, the passenger-car is considerably hlgh in price, compared with other



“goods, and consequently the owners of cars are limited to the people belonging 1o the middle-upper-class.
There are not a few upper-cluss families that own more thaa one car, So, there is a considerable number of
privately-owned cars used for going to and from work or school or goinggo the midtown section for shopping.
It is commonplace to see the privately-owned cars parked side by side along both sides of the city’s wide streets
except the “po-parking” arcas (Av. Juarez and Calzada Independencia) during the daytime.

4) Trends in number of ¢ars classified by transport means _

Table 2 — 9 shows the recent trends in number of licensed vehicles of various types of transport menas in
Guadalajara. As seen from this table, the number of privately-owned cars has increased enormously while trucks
did not and privately-owned buses decreased noticeably. Ordinary commercially operated buses have increased
steadily. - ' : . _ :

Apart from the four-wheeled vehicles, bicyeles and motor-cycles are popularly used by the general people.
In recent years, motor-cycles have been increasing while bicycles are decreasing gradually.

Table 2-9. The up-and-down movements of the numbers of vehicles of various -
types of transport means in recent years

Passenger-car “Truck “Bus g‘é}gr’ Bicycle

Ye
o Private Taxi | Private Commercial | Private Commercial | Private Private
1965 31,370 1,216 | 10,911 431 131 1,157 3,938 48,500
1967 40,692 1,342 { 13,191 491 164 1,341 6,021 44,500
1968 47,100 1,600 | 12,800 440 52 1,490 . 7,180 27,000

5) The present state of road traffic _

Guadalajara City has weil-developed street owing to the.city planning cffected in the past. However, since
these street were built in the days when no one expected such an enormous increase in the automobile traffic as
seent today, the city’s street éxcept the main street are not very wide, most of them have only two lanes.

- The streets of the city areas are regulatly arranged like a checker-board with the parallel street running from
east to wesl and from north to sputh at'intervals of about 100 meters.

The one-way traffic is imposed on all the street except the main thoroughfares. All crossings have “prefe-
© Tence signs” so that the streams of traffic in a particular direction may have preference to go first,

Traffic signals are installed in all crossings of main street of this city. _ .

The traffic in and around the city greatly increases-and considerably congested four times a day, from 8.30
am. to 9:30a.m., from 2 p.m. to 2:30 p.m., {rom 3:30 p.m. to 4 p.m. and from 7 p.m, to 9 p.m.The highest
peak is reached during the period from 2 p.m. to 2:30 p.m. This is because there is the rush of pedestrians and
cars going home to take a noon rest afler the morning’s work and there is enormous traffic cangestion in the
roads of the midtown section. '

_ Table 2 - 10 shows the numbers of pedestrians and cars and bus routes in operation in the street of the
midtown section during the one hour of the most congested traffic.

Table 2-10 The volume of traffig in the main street of the city

o o Volume of traffic during rush hours Number of bus
Direction Name .of street - Width Passenger-car Pedestrian routes in O}JEIatlIOI.l
Calzada 14 x 2 | Over 3,000 per hour 1,200 per hours | Gver 20 routs
_ Independencia . ' : C

southrnoth | Ay Alcalde - 19 |2000-2,500 - 800 1200

: Av. Juarez 15 | 1,500 — 2,000 Over 1,200 10— 15 routs

East-west . '
Hidalgo 15 800 - 1,000 800 — 1,200 "

(Néte) The passenger-car ﬁgpres are derived.from the statistics of October of 1967,
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Calzada Independencia carries the greatest volume of traffic, more than 3,000 cars and more than 1,200
pedestrians an hour. There are overhead pedestnan bridges at: thrce places in the crossing of thls street and Av,
Juarez,

The streets behind the main thoroughfares have very frequent bus services. For instance, ns many as 26
buses are operated dusing the period of 10 minutes during the rush hours in Pedro Mareno (eastbound); a road
running of the north of Av. Juarez, and 38 buses in 10 minutes in Eje-Morelos running of the north of Pedro
Moreno. :

The buses stop at every ctossing for the passengers to get on and off and this greatly reduces the averag,e
operating speed and further increases the congestion of road traffic,

6) The numbers of user of mass transport means

According to the statistics provided by.the Government of Jahsco State, the volume of traffic carried by
buses a day in the main roads of Guadalajara City is as shown in Fig. 2'— 11. As seen in this figure, the bas
passenger traffic is greatest in the street between the midtown section and in Zapopan in the northwest part of
the city, numbering 228,000, followed by the street linking the midtown section with the east, southern and
southeastérn sections with the passenger figures of 156,000, 156,000, and {50,000, respectively.

The bas passenger traffic between the midtown section and suburban areas total 1,125,000 a day, wh:ch
accounts for 80 per cent of the daily total of bus passengers of 1,300,000,

7} Traffic Accidents

Traffic policemen are stationed in the main crossings of the city to regulate the trafflc during the rusl\
hours. This city seems to have a comparatively low rate of traffic accidents because the behavior of the automo-
bile operators is generally good. In actuality, however, there are a considerable number of accidents, These
accidents seem to be caused by congested road traffic, inadequate maintenance of vehicles, i inexperience of the
drivers, A total of 790 accidents occurred in and around the midtown section during 17 months from January
1966 to May 1967. The following crossmgs had the most frequent accidents in the midtown section.

Crossing _ Number of accidents
Crossing of Calzada Indepepdencia and Av. Juarez a1
Crossing of Calzada Independencia and Hidalgo 64
Crossing of Calzada Independencia and Eje-Morelos 61
Crossing of Calzada independencia and Leotilla 58
Crassing of Calzada Independencia and Pedro Moreno 40
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~ POPULATION DENSITY OF GUADALAJARA CITY Figa—3
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MAIN ROADS, STREETS NETWORK AND CROSS SECTIONS OF Fig2—8 —1
STREETS OF GUADALAJARA CITY - . 3
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LOCATION OF TAXI BUSINESS OFFICES IN GUADALAJARA CITY Fig2—10
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CHAPTER III; THE PROSPECTS FOR THE FUTURE OF JALISCO STATE AND
' GUADALAJARA CITY

1.. Popuiation and density of population {See Fig. 3-1}

The population of Jalisco State is likely to continue to increase rapidly in view of its location in the
Republic of Mexico and other geographical and topographical conditions,

The Jalisco State authorities estimate that the State’s population will rise to 3,980,000 in 1970, the highest
among the 29 states of the country and accounting for 8.2 per cent of the total population of Mexico.

Taking into consideration the upward trends of population in the 18-year period between 1950 and 1967
and the recent three year-period between 1965 and 1967, we estimate the State’s population at 3,850,000 to
4,000,000 in 197C and at 5,500,000 to 6,600,000 in 1980,

Guadalajura is expected to see @ lurther increase in population and population density as the commercial
and industrial center of Jalisco State in view of its advantageous geographical position and effective land use.

We estimate that the population of Guadalajara will increase to 1,640,000 to 1,740,000 in 1970, 2,150,000
to 2,700,000 in $975, and 5 years after in 1980 10 2,670,00C to 4 100,000, ie. about 3,400,000, which is about
2.5 times the 1,400,000 population in 1968.

From the above estimates, the density of populallon in Jalisco State will be 49 persons per square kilometer
in 1970 and 74 persons per square kilometer in 1980,

The population density for the whole area of Guadalajara City was 7,500 persons per square kilometer in
1968. Since only about 50 per cent of the total area has been urbanized, the population density for this area
was 14,900 persons per square kilometer, almost as high as the average popu]atlon density of 15,000 persons per
square kilometer for the urban area.

The urban areas of Guadalajara will be modernized by redevelopment and other improvement schemes
and will have a further intensified population density. Hawever, ‘it also can be assumed that per person floor
area requirement will increase further in the future. In view of such trends of population, this city will probably
expand largely into suburban areas including Tlaquepaque and: Zapopan,

Now, the population in 1980 of the urban traffic zone of Guadalajara (the future population of Guadalajara
plus the future populations of the completed urban areas of Tlaquepaque and Zapopan) can be estimated at
some 3,500,000, an increase of about 100,000

Suppose the urbanization of this city progresses with its average populatnon density being maintained
on the level of 15,000 persons per square kilometer, the city areas will be covering about 230 square kilometers,
stretching about 8.6 kilometers outward from’ the downtown area. This is close to the standard pattern of
well- bahmced urbanization for many other cmes over the warld.

[ndustnes and employed workers (See Fig. 3—1)

Jalisco State will most likely have continuing expansion in agmulture and mdustry in view of its geographi-
cal, climatic and transport conditions. Guadalajara, the administrative, economic and cultural center of the
State, has particularly high degrees of concentration ol manufacturing industries (48%) and processing industries
(82%) and this tendency is expected to be intensified further in the future, and we estimate that Guadalajara
City will develop as an economic and industrial town,

According to the statistics for the 18 years from 1950 10 1967, employed workers accounted. for 30 per
cent of the total population of Jalisco State and 33 per cent for Guadalajara City, which, however, has risen up
'to.38 per cent and is estimated to reach 40 per cent by 1980Q, _

The employed population of Guadalajara as a metropohtdn area, which was 450,000 in 1967, is estimated
to increase to 670,000 in 1970, 930,000 i in 1975 and 1,400,000 in 1980 which is about three times the number
of employed population in 1967.
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3. Urban structure ] .

Guadalajara has an urban structure of the mononuclear type and is continuing a very rapid growth into a
large city due to the accelerated concentration of population: and industry. The steadily expanding city.
areas of Guadalajara have already spread beyond its administrative boundaries into Municipio Tlaquepaque and
Zapopan absorbing the city areas of these districts, and are still continuing to extend outward. [t is already
having some phenomenal characteristics of a large city; greatly extended commuters’ bus routes to carry those °
who live farther and farther out in the suburbs and work in the downtown areas, increased stagnation of the
flows of traffic in the main arterial roads in and around the city’s center, and the detcnoratlon of the environ-
mental conditions in the overcrowded residential areas.

The Government of Jatisco State and Guadalajara Clty have the Followmg plans for effective land use, road
networks and traffic control, which are all essential factors to be taken into conmderatxon in formulatmg a
plan of building new urban transport facxht:es
t) Use district plan

(1) - Exclusive commercial area and commercial area

The “exclusive commercial area”, which 'has been so designated by Guadalajara City, is situated in the
downtown area and it is not only the central administrative function center of Jalisco State but also the city’s
business and information center as well as the centers of shopping and leisure spending activities. With the '
continuing increase in populanon, the buildings in this area are hkely to become larger and taller in the future,
The “commercial areas™ stretching along the main arterial roads ninning through this cny are expected to conti-
nue to make intensive development as sub-centers of the city.

Guadalajara City now has a redevelopment plan, covering 4 square kllometers mcludmg a-plan of road
development as shown in Fig. 3—2. The City has a plan of dispersing the urban areas and work is in progress on
the construction of a sub-center of commercial and business activities in Comercial Lafuyette about 3 kxlometers
west of the downtown area of the city.. :

(2) Industrial district :

A Zona Industrial is set aside, though not specially designated, in the southarn part of the city and factories
are now being built in this area.’ In view of its advantageous geographical location, this city will grow inio an
important industrial center of the inland areas and continue to expand in the future; However, it is not much
desirable to bring industry too close to the urban areas from the standpoint of public nuisances caused by
factories.

So, it is advisable, as being planned by this city, that efforts are made to site new industrial pmjects in the
areas beyond the outer loop road, about 15 kilomets southeast of the city,

(3) Residential arcas

The residential areas of this city have been dw1ded into three classes-upper, middle and ordmary
residential areas. Housing projects are now in progress by the State, City and private eriterprises mainly in the

~areas around the city as shown in Fig. 3—3 with the special housing loans received from banks. As Guadalajara
expands more and more into a large city, its urban areas will most likely tend toward the more effective

land use by building many-stories buildings rather than spreading horizontally while- the buildings becoming
lower in the outer areas. Thisis the most probable pattern of urban development city will take as it grows out-
ward. In order to establish an efficient system of urban transport, it is considered recommendable that transport -
centers (bus terminals and automobile parking places) centering around subway stations in the suburban areas

(about 5t07 kl.lometers away from the downtown area) and housing projects are developed around -them.

2) Road and street plan {See Fig. 3=3)

. The road development plan envisions teh followmg arrangemcnt of traffic routes. The main arterial roads '
come into this city from five directiong. National Road No. 15 coming in from the west and southwest and National
Road No. 80 from the southeast are furnished with bypasses at Calzada de Las Torres in the southern part of
the city so that the thorough traffic may be separated from the urban traffic within the city. State Road 11 _
coming from the north and some other roads coming from the same direction are met by the inner loop road
running halfway between the downtown area and the suburban areas. The roads inside the loop road link with
the five arterial streets in the east-to-west direction and with the 10 arterial streets in the north-to-south direction.

In the suburban areas is planned an additional loop road to cope with the future expansion of the urban
areas, Outside the loop road is planned Amillo Periferico, an outer-loop road, for linking the communities

around the city, and part of this road is already under construction.

One-way traffic control is imposed on the streets of the urban areas and parkmg meters are set'up in the
arterial roads to facilitate smaoth flows of traffic. However, the stagnation of the flow of road traffic is alrcady

- observed in and around teh congested downtown area. In view of the rapid increase of suburban population

in the future, the control of traffic is expected io become a ‘increasingly difficult problem because the

commuters and the day—scholars will have to depend on the bus service for their j journeys to and from the down-
town area.

So, it is necessary to set up urgently a stopgap traffic control system hefore the completlon of an efficient

;22_



mass transport system in this city. Besed on this plan, parking of cars should be restricted or forbidden in some
specific areas for specific parts of the day, the ohe-way- traffic control be intensified, furning to the right be
forbidden, proper lane marks be provided, a systematic signalling method be adopted, and it also will be
necessary to classify the vehicuelar traffic into some categories according to their importance and impose a traffic
control to give preference to some specific types of transport (the establishment of traffic routes éxclusively
reserved for use by buses, proper arrangement of bus stops, prohibition of truck traffic during the daytime, for
example). There is more strict traffic control such as the prohibition of vehicular traffic in the midtown section
and some specific areas where there is partlculdrly heavy pedestrian traffic. These measures will most probably
have to be enforced in the near {uture, . :

4. Basic conditions for future planning
- The basic conditions for formulating the future plan for the urban structure of this city are as follows.

(1} Since Guadalajara City is expected to continue its growth, absorbing adjacent manicipios, it is
necessary to regard the city as Greater Guadalajara including the wide areas of the outlying suburbs.

(2) Owing to its topographical and wrban structural conditions, Guadalajara has seen urbanization of its
western and southwestern parts in particular and is expected to make farther development in this direction in
the future, The eastern and northern parts of the city have some restrictions due to their topographical
conditions and the southern part also have some restrictions due to its urban structural conditions but these
areas will also continue to develop for the foresecable [uture. [t is necessary to make a fand usa pian at the
earliest possible time, taking into consideration all these trends of urbanization in this city.

(3) Guadalajara has been and will remain a city of the mononuclear urban structure. However, it is
expected to have a more complex urban structure with many sub-centers, So, in siting such urban sub-centers it
is necessary to take into careful consideration the future land usé plan and transport [acilities.

{4) The transport system of Guadalajara of today comprises buses, taxi and privately owned automobiles.
It is of urgent necessity to consider the creation of an efficient transport system consisting mainly of high-speed
mass transport means, because, as the urban structure graws larger, the travelling distances will become longer
and there will be greatly expanded demands for traffic between the center of the city and the outlying areas.
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' RE-DEVELOPMENT PLANS OF DOWNTOWN AREA Fig3—2
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CHAPTER IV. URBAN TRANSPORT SYSTEMS

1. ' Introduction
The urban traffic situation varies according to the history and national character of the countries or regions.
Each cny has a ‘transporl system best suited 1o meet its characteristic needs. Some cities depend mainly on
the subway ‘or other high-speed railroad services while others relying predominantly on motor-cars, Very few
cities are satisfied with their existing transport systems and are constantly seeking for a better system of
transport to meet their traffic requirements that are changing in both quality and quantity.

2. Types and characteristic features of different urban transport systems

The high-speed mass transport means conceivable for use in a big city are of the following types and
characteristic features.
l) Types

(1) Surface railway

(2} Elevated railway

(3) Underground railway (subway)

(4) Monorail

(5) Trolley-bus

{6} Omnibus

{7) Other vehicles
2) - Characteristics

(1) Surface railway

The surface failway is built when the land is relatively flat with not much topographical obstacles on the
ground. This type of railway system isthe cheapest to construct. In completed city areas, however, the construction
of a railway system is conceivable only when use is made of the existing ra:lway line or when it is newly built in
the suburban areas away from the crowded city areas.

The crossings prove troublesome when high-speed surface trains are operated in tight schedule. So, when
the railway tracks run on the level ground, the road must be elevated where it crosses the railway line. In the
crowded city areas it is customary to use the elevaled or underground railway.

(2) Elevated railway

- The .clevated railway system is used most often when the rdllway lrdcks and roads cross continually at
different levels.

The elevated railway uses either a bank or viaducts to carry the tracks above the streets. The choice
between the two methods is made according to the environmental and economic conditions of the area in which
the proposed tlevated railway line is built. Generally speaking: the bank is suitable for use in a suburban district -
where there aré not many houses and the railway traffic is not so much a nuisance to- the resident in the
neighborhood, the price of land is comparatively low and good-quality earth and sand are easily avmhble'
from nearby sources. Bul it is nol recommendable in the uly area crowded with houses.

The viaduct is better suited in use where the elevated railway runs lhrough an area crowded with houses and
other structures. : .

In order to offset the high price of Iand to somc extent, the spacc undcr the viaduct is sometimes used for
shops, warehouses and the like.

However, it is extremely difficult to build a vinduct-clevated railway in the midtown section of a city where
there are many penmanent structures and tall buildings because it is difficult for the viaduct to make a sharp
curve due to the ahgnment requirement” of lhe tailway and coscquently it becomes necessary to remove the

_obsiacle on the ground.

When a road is so wide as to allow the construction of the supporling pl“drS it is possibie to bulld an
clevated railway above the road.

‘When built in a crowded cityarea, the elevated rallway has the following disadvantage. Since the viaduct
must support the baflast of the tracks, il inevitably has a massive structure and consequently the elevated
railway gives a sense of oppression to the neighborhood on its both sides, impairs the beauty of the surroundmg
areas, and the noise and vibration of the train cause nuisance to the r051dents in the neighbarhood.

(3) Underground railway (Subway)

The subway is already in operation in 37 cities around the world and 28 cmcs have more than 10-
kilome ters subway lines in total.

The subway system is used when it is desirable to make use of the underground space under the ro.l(ls or
-when it is necessary to pass the train under some obstructing siructures existing on the ground ThlS is thc most
recomine ndableform of high-speed mass transport for urban districts. :

In contrast to the ground-level or elevated 1'dI|Wdy& which occupy considerable space on the ground for
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their tracks and stations, the subway has all these facilities under the ground and does not interfere with the
road traffic and does not affect the appearance of the surrounding districts. For these reasons, the subway is
favorably received by the resident in the neighboring arcas. On the other hand, however, it has the disadvantage
that it costs much higher than the surface or elevated railway and takes a longer time to be built. .

The construction cost of a subway is so high because its underground structures must be large and solidly
buiit, the construction of a tunniel produces great amounts of excavated carth and il requires many incidental
work such as the treatment of the prevmusiy existing underground installations like gas and electricity mains
and the road surface covering.

Generally, the subway construction cost, when the cost of land procured is not included, is about twice as
high as the cost of the elevated railway and even after it is put into operation it requires extra expenses such
as ventilation, illumination and drainage, as compared with other forms of railway systems.

The noise of underground train operation has recently been reduced consrderably by various improvements
of rail and cars and the use of sound-and shock-absorbing materials.

In Paris the underground railway trains run on pneumatic tires. This type of lires, however, has some
problems regarding mamtenance and puncture of the rubber tire as mentioned later.

{4} Monorail

Monorail is a special type of railway in which the lr’rck consists of a single rail to make an cconomical use
of space. There are about ten monorail lines now in operation for carrying passengers in the world two of which
have a total length of more than 10 kilometers.

The monorail trains are of two types, the straddle type (in which the train runs straddled on a specially
designed single-rail track) and the suspension type (in which the train is suspended from a specially designed
trackgirder). The monorail is suited for construction over the roads or canals because their track girder and
and supporting piliars can be made slender compared with the elevated cailway.

The monorail structures aré less massive and obstruct a less amount of sun light than those of thc ordinary
elevated railway, and the monorail train makes less noise than a train runmm3 on an clevated track For these
reasons, the monorail causes less damage to the surrounding areas.

The monorail costs less than the underground or elevated railway,

There are the following reasons why the monorail has not been used so wrdely in many countrres of the
world inspite of its advantage that is to make efficient use of space.

The first reason is that the monorail has not yet proved its usefulness as a mass transport means.

A monotail line has long been M operation as a substitute tor a tramway in Wuppertal of Germany. Most of
the monorail systems built later were for tourist purposes. The only instance of monorail being used as a high-
speed urban transport system is the Tokyo Monorail which links the Tokyo International Airport and the
midtown section of Tokyo.

The monorail systems previously in use are inferior to the subway in transporting capacity, on-which

~ research and development efforts are now being made for the monorail. : '

The second reason for the greatly limited use of the monorail at the present time is that full advantage can
be taken of the monorail only where the space above the raods or canals can be utitized effectively while there
‘are not enough roads and canals suitable for this purpose in the existing cities.

The monorail has a disadvantage that if a train is to be composed of many cars to have a total !ength as
construction cost of a tunnel for the monorail would be somewhat higher than that of a tunnel for the subway
do because the monorail system must be furnished with its statron facilities such as platforms, concourses apd
pedestrian bridges constructed on the road.

This being so, the subway system is predormnantiy uset‘ul in the drstrrct where great rmportance must be

-attached to the preservation of the urban environment and the space abave the roads, However, the monorail
affords a great saving in construction cost and time that it is advantageous where the passenger traffic is
relatively light, it is not necessary to be Jinked directly with any existing railway line, and the use of the space
above the roads and canaias is permissible for the construction of a monorail line,

The monorail is an independent aid special-type railway system and is carried on viaducts in principle.
However, it can be run through an underground tunnel in the busy midtown areas or hilly district. The
construction” cost of a tunnel for the monorail would be somewhat lugher than that of a tunnel for the subway

 because the former must have a gre.tter height than the fatter. ‘

{5) Trolley-bus

The trolley-bus has developed as a popular surface tranSport means for urban areas thanks to its advantage
that it is free from exhaust gases and noise, capable of carrying many passengers at one time and it gives good
acceleration performance However, since it needs overhead wires installed above the roads as int the case of the
tramway, it impaires the beauty of the surroundmgs and its maintenance and repairing costs run high.

The ordinary type of bus has lately been greatly improved in perormance and become larger in size to such
an extent that it is as good as the trolley-bus. As a result, the trolley -bus now has less rmportance than before as
a public vehicle in urban districts. - :

(6) Omnibus

The ommbus has been playmg a very 1mportant tole as a very popular form of pubhc conveyance in
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many cities of the world. However, the-bus alzo has some inevitable disadvaniages. 1t produces noxious exhaust
fumes and annoying noise, causing damage to urban life. The average operating speed of buses has declined
rapidly in big cities where the road traffic is extremely congested due to the enormous increase in the number of
motor-cars-and consequently- it takes for a bus much longer time than before to reach its destinalion and this
has considerably decreased the number of the users of bus services in some places. More than that, there are
many bus services which have to raise fares by 2 large margin due to the financial difficulty resuiting from the
lowered operating efficiency and the increased personnel expenses.

- Even under such circumstances, the bus is most likely to continue to play its role as a convenient means of
transport supplementary to other forms of high-speed mass transport such as elevated or underground railways
-untll some new and better form of public conveyance appears to take ‘its place. Such being the case, it is

necessary Lo make efforts to maintain and further develop the bus service by taking various measures such as
setting up a traffic rule to give preference to the bus aver other types of vehicles or creating the roads reserved
exclusively for buses so that the bus services and other basic transport systems may be well coordinated 1o
establish a network of highty satisfactory public transport services,

(7} Other forms of public transport

Various other forms of public transport now being studied in many countries of thie world will be discussed
briefly below.
Rail-bus: This is a special type of bus equipped with wheels for running on the railway track so that it can be
operated not only on the roads but also on the railway tracks. These buses are operated at high speeds, singly or
serveral buses joined together, on the existing railway lines or on those newly laid in the areas where the bus
traffic is most heavy. They are switched to ordinary roads near their destrinations. This system of bus traffic
requires less land space than ordinary expressways and is able to operate a far greater number of buses, This
system is now being studied in Japan and the United States of America,
Llectromobile: This is equipped with special batteries and has a high rate of acceleration and deceleration of
speed. This provides smooth running and is an ideal type producing no noise and exhausts. A large capacity of
battery, however, is required to put it into practical use. Various countries are competing in the study and
research thereof,
Linear motorcar. The pnncnple of this new transport system is that the rotor and stator of an electric motor
take the places of the railway track and the vehicie running on it. This vehicle can be operated at a very high
speed (about 300 to 500 Kilometers per hour) and best suited for long-distance intercity transportation. This
system is now being experimented in Japan and France. _
Moving footway: This is an clectrically driven rubber coveyer belt on which passengers are carried. A large-scale
moving footway can be built on an elevated level in the urban areas, The moving speed is up to 15 kilometers
pet hour. The passeniger can get orf at his destrmatzon station by stepping to the decelerator moving in poralle)
to the moving footway,

This system of public transport is suited for carrymg a large volume of traffxc over short distances and is
now being studied in JTapan and Britain,
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CHAPTER V. THE URBAN TRANSPORT SYSTEM RECOMMENDED TO
GUADALAJARA

1. Types of transport Facilities
We carried out a study to find out what type of urban transport system is most recommendable to

“Guadalajara City. The results of the study revealed that this city and its suburban areas have been developing

very rapidly and the population lias expanded at an accelerated speed and this makes it necessary to provide
some form of high-speed mass transport sysiem. We made studies on the previously discussed types of pubhc
transport in order to find out what type of transport facilities is best suited for this city.

This city’s central areas and suburban districts have considerably different conditions. [t would be
appropriate to consider mainly the transpori for the city areas and adopt more econonmca[ means of' transport
for the suburban districts.

The city of Guadalajara including its circumference areas is estimated to have a total population of some
3,500,000 and an empioyed population of some 1,400,000 in 1980 or 11 years from now. By this time, the
urbanization of the city’s central areas will have made a considerable progress to become an improtant
administrative, industrial and commercial center with many-storied modern buildings rising along the streets and
large numbers of people will be travelling to the central areas from suburban districts to go to work or school,
for business or shopping. ' ' '

As a result, the passenger traffic between the busimess center within a radius of about one kilometer around
the crossing of the midtown throughfares of Calzada Independencia and Av. Juarez and the oullyln;, suburban
areas will grow very heavy compared with other section of the city.

The roads in this part of the city are already so much congested that overhead pedestrian bridges are set
up on some streets to separate the vehicular traffic from the pedestrial traffic and the one-way traffic rule and
restrictions on the passage of buses through main strects have been imposed to ensure good trafic flow. 1t is
impossible to set up a new high-speed mass transport system on the street Jevel under such circumstances.

Now we come to the comparison of the elevaled transport system and the underground system. In the case
of the clevated system, we have decided to choose the monorail for the comparison because it is more
advantageous than the ordinary elevated railway it construction cost, noise annoyance and other illeffects on
the neighborhood, The road width required for the construction of a monarai! is determined by the width of the
monorail station facilities: more than about 22 meters of width is needed. [n this respect the main roads of this
city are qualified for the construction of monorail lines. However, since the stations must be built at very short
intervals and there would be many crossings of the lines in the midtown section as was previously stated, the
street would be completely covered with the monoraik structure where there is a station with the result that it
would be so shadowy that the automobiles would have to turn on their heudlights even during 1]_1e daytime.
More than that, the air polluted with aute exhausts would remain stagnanl to deteriorate the condition of
environment sanitation for the neighborhood. :

With the expansion of the city, there would arise m.ed far extmdmg, the ines oul 1ntu the suburbs in the
luture. In order to meet the fulure requirements, it is necessary to plan and design. the monorail systcm s0 that
it can be strengthened in capacity to some extent when needed in the future,

Research and development efforts are being made to increpse the capacny of the monorail. At the present
time, however, the underground railway is superior to the monorail in transporting capacily and is thought to be
capable.of better coping with the future increase in the traffic demands in the future. '

It would be necessary to make the most efTective use of the vailable road space in the crowded city urcas by

'using the space ubove, on and under the road surlace. So, it is advisable that the space above the roads is kept

vacun! to provide room for the future development of the- possibilities of the city. This w1ll make possible to
build urban expressways or clevited monorail lines above the roads in the future. : :
We have so far discussed the disadvantages of the monorail. No such dlsad\’dnldj,l_h are found in the cise of

‘the underground railway. In this respect the subway system is ideal form of high-speed mass transport in urban

districts but it has a disadvantage of being high in construction cost.

Any orgarization responsible Tor the construction would have to be prepared to suffer some financial
deficit. In m.any countries the subways are given subsidies from the Govunmult (Federal Guvummnt) or
Prcfecture {State) or long-term low-interest loans of exemption from various taxes,

Guadalajara City has introduced a system in which the people receiving benefit from roads and streets are
obligated to pay dues to hielp finance the manugément of them. This :;ysu,m should be dppllLd also 1o {he
spheres of influence of the stutions when a subway line is consiructed.

This city seems Lo have faverable conditions for the construction of a subway system: the good sib-soil will
reduce the construction cost and there will be considerably high fr(.qu(_nLy ol use ofsubways due 1o the hibits
of living of the people of this city.

Generally speaking, when a high- schd mass transport system is built in Lumpluetl cities, excep ity
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where a tunnel can be excavated 40 ta 50 meters below the ground surface by using a special enginecring
method, use is made of the space above or under the roads or rivers in many cases for economic reasons and
consequently the need for purchasing privately owned land is limited only to a few places such as where the line
forms a curve, '

Since Guadalajara has made a considerable progress in city planning and has well arranged network of
streets, it is well advised to make full use of the street.

When constructing a subway, it is advisable to constrict an underground passage that serves also us a
multi-purpose underground duet and an underground pedestrian crossing. This will make it possible 1o carry oul
relutively economically the extension or repair work on the gas and clectricity mains and seweruge wnd
water-supply systems. It would not be impossible to designate crossing. prohibited places on the road for
pedestrians ulbng the underground passage to help relieve the traffic congestion. o

It would be advisable to buifd an-elevated monorail line to play the rolc of a transport system, halfway
between the bus and the subway where not much increase in traffic volume is expected such as the loop strect
of Circunvalacion and in some sections of lhe city. ' _

For the above reasons, we the mission recommend (o construct a “subway system™ mainly running under
the ground surface in this city. B ' ‘ '

2. Types of subways

- The wheels of the underground train areof two lypes. steel wheels that have been used for many years and
the pneumatic rubber wheels that are now being developed. -

The underground train with rubber wheels was put into practical use for the first lime in 1957 on No. 1.
route of the subways in Paris. : '

. The Paris-type underground train is somewhat superior in operating performance such as adhesion
resistance and acceleration as well as pussenger service such as the prevention of noise. On the other hand, this
type of subway Lrain has the following disadvantages. The usable [ife of a rubber tire is far shorter than that of
a stee] wheel, Apart from the regualr irack of rails for the rubber wheels, an additional guiding track is needed

-and this increases the cost of construction and maintenance. The rubber wheeled train can be operated by using,

the steel wheels even when a rubber tire has been punctured but such operation of the train would most
probably interfer Lo the normal operation of the subway scrvice. The wheels, axles, tracks for rubber tires and
their accessories are all of special design und thercfore the previousty used railway engineering techniques and
cquipment parts are useless so that it is necessary to procure patented parts by paying constly royalties. Since it
is, needless 1o say, impossible to connect a rubber-whee) railway line to an ordinary railway, the specigl type of
railway track must be used for the entire network of the subway lines.

The foregoing subject is discussed in fuller details below., '

The advantages of the rubber-tired train can be summarized as follows:

(1] - Because of the greater adhesion between the wheel and the coincrete track, the train can have a greater
acceleration and deceleration performance, thus making it possible to increase -the normal operating speed
of the train. ' o : ' _ S '

'(2) The noise that is caused by the contacl between the wheel and the track is reduced.

"(3) The maximum gradient of the track can be increased. ' o : :
The acceleration and deceleration mentioned in the above (1) must be limited propetly from the point of

view of not only the efficiency of the vehicle but also the comfort of the passengers. The rubber-tired train of
Paris has jts acceleration increased to 4.8 km/H/S. a permissible maximum beyond which the standing
passengers will stagger and fall down. The No. 2 Subway Route of Tokyo is operating all the trains at 4.0 -
km/H/S. This is not due 1o the limits of performing efficiency of -the vehicles but for the safety of the
passengers because it is compelled to carry passengers more than 200 per cent of the fixed capacity. In this city
(Guadalajura), too, the nwmber of users of subways will increase so uch that it will be necessary for the train
to carry passengers nearly to the utmost limit sometime in the future and then the scceleration of the train will
have to be limited to protect the safety of the passengers with the result that the advantage of the rubber-tired
train will be so much decreased. o : . '

The shorter is the distance between stations, the more the normal operating speed ol the train is governed
by the accelerating and decelerating performance of the train, However, a difference of 0.8 km. H/S. in the
acceleration and deceleration will not have 33 much influence on the normal operuting speed of the train when
the inter-station distances are 900 meters or 50 on the averuge s in the case of the subways of this city.

As for the noise mentioned in (2), considerable advances have Dbeen made in recent years in the techniques
of building railway rolling stock and the track, bringing ubout various innovations such as the penumatic spring

. and the specially designed elastic locking device to [asten the rail in a fixed position, Owing Lo such new devices,

ceven the steel-wheel trains of today cause far less noise than the old ones, In the train running along the No, 2

Subway Route of Tokyo, the passengers have virtually no difficulty having a conversation in 4 normal manner.
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It is a great advantage for an urban subway that the vertical gradient stated in (3) can be increased, The
maximum permissible gradient for the steel-wheel train is 3.5% while it can be increased up to 6.5% for the
rubber-tired train. However, Guadalajara City has no big river and canal and any other topographical {eatures
and there is no necessity for a gradient over 3.5%.

The rubbeér-tired train has the following disadvantages: _

(1) The coach construction becomes more complicated because apart from the regular wheels to support the
body it is fitted with the guide wheels installed horizontally and the auxiliary steel wheels provided for
safety in case of rubber tite puncture or for conducting the train at the railway points.

(2) The usable life of rubber-tired wheel is'said to be about 300,000 kilometers. This is shorter than-the life of
ordinary steel wheels and increases the train maintenance cost. _ :

(3) 1t is necessary to take such measures as to increase the width or the diameter of the wheel or to increase the
number of wheel axles according to the allowable limits of contact pressurc of the rubber.

The rubber-tired wheel is less capable of bearing the rush-hour load than the stecl wheel.

(4) The track has a triple construction consisting of the main rails, the safety steel rail and the guide rail. This
will increase the cost of construction and cause railway track maintenance problems in the future.

(5) The rubber tire and the rails have a great coefficient of friction under normal conditions. But, when the
rails are wet, the coefficient of friction will change so much that it will become difficult to run the train
strenuously in a stable manner and to apply the brakes effectively. : _

(6) Since the rubber-tired train has a greater train resistance than the steel-wheel train, it is difficult to run the
train by momentum, A great traction power is needed when the train is run-strenuously and the electric
power consumption is so much increased.

At present the rubber-tired train is used for rapid-transit mass transportation only in Paris of France and
Montreal of Canada. Experimental trains of this type are being operated in Pittsburgh of the United States and
Sapporo of Hokkaido, the northernmost island of Japan. _

The subways of Paris had been completed already as early as thirty years ago and it is now urgently needed
to replace the old trains and to increase the transporting capacity, The Paris subway system has stations spaced
500 meter apart on the average and the increased accelerating and decelerating performance of the train will be
an important factor for increasing the normal speed of train operation and its transporting capacity. If the
railway rolling stock and the tracks are to be improved without stopping the operation of the existing lines, the
only conceivable method for doing this is what is now being done in Paris, and it would be inveitable to adopt a
dual construction for the railway track. : '

Montreal has St-Laurent River, Le Moyne Waterway and Canals which have great depths and the degrees of
the longitudinal gradient limits of the railway track were an important factor for judging the advisability of
constructing a subway system itself. Furthermore, the subway planners made it a basic principle that relatively

© small cars (2.50 meters in width) should be operated at close intervals. The rubber-tired -train was considered

most advantageous from such a point of view. This system have some advantages for urban transport: The tunnel
construction cost is reduced. The tunnel occupies less space under a street. The passengers do not have to wait
on the platform so long to take a train. '

However, it leave little margin in passenger transporting capacity to cope with the future increase of
passenger.'For this reason, it is not recommendable as a rapid-transit mass urban transport system for a city
like Guadalajara which is expected to develop greatly in the future, _ : o .

Sapporo of Japan is a city with a population of 900,000. It became necessary for the city to build a
rapid-transit urban transport system because it would be unable to handle efficiently the ever-increasing
passenger traffic if it had contined depending on the existing tramways and buses. However, the city was
financially unable to construct a large-scale underground railway system with a total length of 45 kilometers. So,
it was decided to run most of the railways on the elevated. tracks. An ordinary clevated railway will raise the

‘construction cost would be high as mentioned before. Such being the case, efforts are now being .made to

develop a new and relatively small type of rubber-tired train which is different from that of the Paris subways
and is suited for use on both elevated and underground railway tracks before the Winter Olympic Games sche-
duled to be held in the city in 1972. ' o S
The Paris subways began to operate rubber-tired trains in 1957. However, it was later found that this type .
of train was very expensive to operate and maintain. So, since 1967, a new lype of steel-wheeled trains equipped

_with improved shock-absorbing devices have been put into operation when the old subway lines were rebuilt for

improvement. It is planned that all the old trains will be replaced with the new trains by 1975.
From what have been so far studied, we intently recommend that the steel-wheeled train be used for the

. rapid-transit mass transport system in Guadalajara which is expected to grow into a large city with a population

of more than 3,500,000 in the near future.



CHAPTER VI, BASIC CONDITIONS FOR SELECTING RAILWAY ROUTES

What is most important in deciding on an underground railway route is to make a careful study and obtain
a full knowledge of the existing conditions in the city and correctly estimate the future conditions of the city,
Since Guadalajara has no high-speed mass urban transport system at the present time, careful consideration must
be given to the effects the newly proposed project would have on the urban structure of the city in the future so
that a well-balanced network of subway routes may be formed, -

The followings are the basic conditions which should be taken into consideration in planning such a subway

network. - _ :

(1) All routes must pass through the civic center.

(2) Be helpful in relieving the surface traffic congestion. _

(3) Pass through densely populated areas and the areas expected to have an increased population density in
the near future. : g '

(4) The terminal of each line is so designed that the Jine can be extended ovtward as the suburban districts
development in the future.

(5) The subway network is planned in coordination with the street plan.

(6) Passengers can reach their destinations in any direction by changing trains with the minimum
frequency of changing trains (once at maximum, if possible). _

(7) In consideration of the time the passengers spend in walking between the station and their homes, the
inter-station distances should be about 700 meters in the central areas of the city and about 1,500
meters in the suburban districts. '

(8)- Utmost efforts should be made to avoid using privately owned land, thereby reducing the construction
cost and shortening the time needed for completion of work. '

(9) Careful consideration should be given to secure land space large enough for setting up sheds and
maintenance factories. ' . :

These basic rules can be applied to Guadalajara City as follows.

As for the condition (1) above: Guadalajara presently has a mononuclear urban structure and
consequently most of commuting, shopping and amusing areas are concentrated to the central area
covering only about two square Kilometers, Transport demands are heaviest on the routes radiating
from the center of the city. The development of suburban areas is progressing outward from the city’s
center. In view of such conditions, it is necessary for all the subway roules to pass through or at Jeast
skirt the edge of the midvown section. ' .

As for the condition (2) above: The subway routes should be so planned as to absorb part of the

passenger traffic now being carried by the existing bus service lines so that the subway lines may help

relieving the road traffic congestion, : _ ' o

As for the condition (3) above: There is so much demand for transportation between the outlying

residential districts and the midtown section that it is desirable for the subway lines to pass through the
ateas with a high population density during the nighttime and those where housing projects are
 planned. T o . B : .

As for the condition (4) above: Since a subway line is very expensive to build, it is impossible to
- extend the route at one time.all the way to the suburban areas expected to be urbanized in the future.
. S0, there will be many cases where the extension of subway lines. will be required in the futire and
therefore the possibility of future expansion should be taken into consideration from tkte viewpoint of

engineering and the land required for the line to be extended. _ o

As for the condition (5) above: This is also related to the (2), (3) and (8) conditions, When a subway

route is planned, it is desirable that the road development work is done in advance and the road is
widened enough to provide a sufficient space for the subway station structures. When necessary, the

construction of bus bays and the like should be considerad.

As for the condition (6) above: In the case of train service, it is n'ecessary to serve the convenience of
the passengers by minimizing the frequency of changing trains to reach their destinations. Changing
trains causes the passengers a loss of time and they also do not like climbing up and down the steps to
move from platform to platform. The subway network should be well planned so that the passenger
can travel to his or her destiantior with the minimum frequency of changing trains and without going .
4 long way round, . B ' _ T

As for the condition (7) above: The allowable walking distances between the suburban residences and
the nearest stations and between the  midtown stations - and “the passengers’ destinations are an
important question which must be given serious consideration when planning a subway network, -
Generally it is desirable to be a distance that can be covered in 10 minutes, that is, a distance of less
“than. 700 meters. However, since the subway network in a city of mona-nuclear type is incvitably
composed of the lines radiating from the civic ‘center outward to the peripheral districts and
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consequently the lines spread wide apart as they stretch more and more away from the city’s center.
So, the allowable walking distance is also increased inevitably to one kilometer or so in the
circumference areas while it can be about 500 meters in the midtown areas. The inter-station distance
is reasonably about 1.5 kilometer in the sUburban 'districts and about 700 metersin the central areas of
the city,

As for the condition (8) above: As urbanization progresses, the price of land generally rises sharply and
real estate becomes an object of speculation, especially in the central areas of a city with the result that
the cost of land takes a considerable portion of the total cost of a subway construction project and

~ often delays the completion of the work. This being so, it is advisable to use the underground space

below streets, roads and public parks for building the underground tunnels.

As for the condition (9) above: Since the depot and maintenance factory require a c0n51derably
spacious lot of land (about 50,000 square meters), such facilities are built in the suburban areas. In
selecting the site of these facilites, carefu! consideration should be given o the relationships between
the subway facilities and the urbanization plan for the areas. '

In other words, they must be sited in a way in which they are in good harmony with the roads, hnuses.
green zones and others in the surrounding areas.
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‘CHAPTER VII. SUBWAY NETWORK PLANNING (SEE FIG. 7 — 1)

As was discussed previously in the chapters dealing with the present and future of Guadalajara City and
- the basic conditions for selecting underground railway  roules, this city presently has an approximately
mononuclear urban structure and this basic pattern will continue unchanged in the future. In consideration of
the urban structure and networks of transport systems in foreign cities with a population nearly the same wilh
that of Guadaajara, such as Boston, Philadelphia, and the represcntu'tive cities of the world, such as Tokyo,
London, New York, Paris and Chicago, we thought it recornmendable to this city to build a network of subway
lines ol radiating type placing centers on the main streets of this city, Av. Juarcz and Calzada Independencia.
Thus we recommend 1o build the following four subway lines with a total length of some 54 kilometers and a
total of 6O stations,

Route No. | (Fig. 7-2) .

Starting from the new high-class res:dermal areas of Ciudad del Sol and Verde Valle, which is developing
lastest among the suburban residential areas of Guadalajara, this subway lin¢’ will run northward along Av.
Lopez Mateos, cross Route No. 3 at Los Acros, run eastward through the high-cluss residential quarters along Av.
Vallarta and Av. Juarez, cross No. 4 line at the Revolucion Park situated west of the downtown area, cross
Route No. 2 at the intersection of 16 de Septiembre and Av. Alcalde, the north-lo-south streets running through
the downtown area, go on to the east to link with Route 3 at Calzada Independencia, a north-to-south main
street, go farther (o the east afong teh shopping center on Av, Javier Mina where there is a large market place,
pass through the urban areas crowded with residential dreas and reach San Andres. This route will have a total

length of some [3.6 kilometers and be the trunk line of the subway network, which will link the southwestern
residential areas, the downlown area and castern residential areas of Guadalajara and intersects all other routes
in the downtown area.

Route No. 2 (Fig: 7 - 3)

Starting: from Lhe central part of Zapopan, this route will stretch eastward on vmducls above the ground
along Calzada Manuel Avila Camacho, taking advantage of the undulating topography on the southern side, go
underground of the street near the high-class residential arca of Jardines des Country, run below Av. Alealde to
the south, cross Route No. 4 at the intersection of Juan Manuel, an easi-lo-west arterial street, near the edge of
the downtown street, pass by the western side ol the Central Cathedral and cross Route No. | at the inlersection
of Av. Juarez, an cast-to-west arterial road, go farther southwards and eross Route No. 3 at the intersection of
the north-to-south arterial street Calzada independencia Sur and Av. Corona, go southwards 1o link with a bus
terminal, go round and run eastwards along Calzada 5 de Febrero 29, pass the southern side of Ciudad
Universitaria for the benefit of the students to travel 1o the university, run along Calle Rio Nilo and reach the
urban center of Tlaguepaque. This route will have a total length of some 14.8 kilometers and be a highly useful
line which will link Zapupan the downtown area, and Tlaquepaque together and will be connected with many
bus routes,

Route No. 3 (Fig. 7-4) =

Startmg from the new residential area of Prados Vallarta, which. is developmg fastest in the circumference
arcas of Guadalajra, alter the soutliwestern section, this route will run castwards along Av. Vallarta and
cross Route No.'1 at Los Acros, run under the street of Circonvalacion along a surface railway line, cross Route
No. 4 at ' the intersection of Av. Colon, a south-to-north street, go farther castwards to link with the railway
station of Lstacion de Pasajeros, where turn northwards and nim along Calzada Independencia Sur,  a south-to-
north street, cross Route No, 2 at the intersection of Av. Corona, conlinue to run northwards to cross Route
No. I at the intersection of Av. Juarez, an cait-lo-wes! arlerial sireets, in the downtown area, link with Route
No. 4 near the Morelos Park, run northeastwards through the densely populated reisdential area of Pablo Valdez
and continue lo run farther northeastwards along Camino a Huentitan to reach the center of the residential

~arca-of Oblatos. With a total length of some 15 kilometers, this will be an important subway line connccluu, the
city’s center and its northeastern residential areas.

Route No. 4 (Fig. 7 — 5)

Starting from the industrial ind residential area’ of Lomas dc Polanca smmted in the southern part of the
cily, this roule will stretch northwards along Prolongacion Av. Colon, pass through the connnercial area south
of the railway station of Estacion de Pasajeros, ran farther northwards to Escobedo, cross Route No. I at the
intersection of Av. Juarez, an east-lo-west arterial street, in the vicinity of the Revolucion Park, run eastwards -

“afong Juan Manuel through the circumfcrence areas of the downtown exclusive commercial area, cross Route
No. 2 at the inlersection of Av. Alcalde, a norlh-to-south street, join with Route No. 3 at the Morelos Park, run
northwards along Calzada Independencia Norte and pass by the front side of the General Sccurity Hospital 1o -
reach Jalisco Stadivim. With a tota) length of some 10.4 kilometers, this route will connect the southern
“industrial district, the downtown area and the norlhcm reisdential areas.
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Plan for extension of subway routes in the future:

The above-stated plan for the construction of a network of subways with a total length of about 54
kilometers has been made based on the pattern of the built-up areas and taking into consideration the developing
urbanization of the outer districts in the near Futurc. Since the urbanization of Guadalajara is expected to
continue in the f{uture, it is desirable that the subways are so conslructed that they can be extended in the
future.

It is advisable to procure the land necessary for the cxpet.ted subway line extensions at this time when
urbanization has not yet progressed so much in the suburban districts. As for the structural type of the subway

lines to be extended in the future, the clevated type would be economical because they will be running through

the arcas which are most liekly to be urbanized in the near future. In some case, however, it would be advisable
1o run the railways through open cut channel. : '

The extension plan is specially needed for Route.No. { at its sturting point situated in the southern part of
the city, which is expected to spread farther 10 the southeast area duc to the development of new housing
projects and the increasing number of manufacturing establishmenls such as tobacco factory and Kodak [actory.
So, it will be necessary to extend this route about two kilometers in the future.

[t will become necessary for Route No. 4 to be extended two kilometers or so because the southern district
where the subway line will start is expected to be developed as a residential arca in the future. 1t also will
become necessary to extend this route from its terminal about three kilometers because urbanization including
university laboratories and housing projects is expecied to Sprcud to the north..

Train depat construction p!an :

The sites of train depots for the subway routes have been determined, takm[, into consideration various
factors such as the present and Tuture land use plans, the degrees of difficulty in procuring land required
for the construction of subway facilities, and the construction and operating plans to be discussed Iater.

Route No. 1 will have its train depot in the Ciudad del Sol area on the southwestern side, Route No. 2 will
have one in the southeastern part of Zapopan, Route No. 3 will have one in the western Prados Vallarta arca,
and Route No. 4 will have one at Lomas de Polanco.on the southern side. However, it is desirable to set up train
depots on both ends of a route, if possible, from the standpoint of the train operating plan.

A train depot should be surrounded with a green belt 15 meters to 20 meters wide to protect the lwmg
conditions of the surrotnding residential areas.
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SUBWAY NETWORKS OF GUADALAJARA CITY Fig7—1
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Table 7-1

Urban Transportation System in Guadalijira

Route No., Route Length- Route’s Main Points
Route 1 13.6 Kms.
(15.6 Kms.) Intersection: AV. LOPEZ MATEOS & Mariano Otero
_— AV. LOPEZ MATEOS & Av. Vailarta
. AV.JUAREZ & Escobedo
"’ AV JUAREZ & Av. 16 de Septiembre
" AV, JUAREZ & Calz. Independencia
" AV. JAVIER MINA & San Jacinto
{SAN ANDRES)
: CALZ. MANUEL AVILA CAMACHO
Route 2 14.8 Kms. Interscction: AV. ALCALDE & Juan Manuel-
AV 10 DE SEPTIEMBRE & Av. Juarez
AV. CORONA & Calz. Independencia
CALZ., 5 DE FEBRERO & 5 de Mayo
- PROGRESO & Capacha (TEAQUEPAQUE)
CARRETERA A NOGALES
Route 3 15.0 ¢ Intersection: AY. LOPEZ MATEQS & Av. Vallarta
" CIRCUNVALACION STA. EDUWIGES &
"~ Colon :
* CALZ. INDEPENDENCIA SUR & Av.
del Campecino :
. CALZ. INDEPENDENCIA SUR & Av. Corona
o CALZ. INDEPENDENCIA & Av. Juarez
" CALZ. INDEPENDENCIA NORTE & Pablo
' Gutierrez
" HACIENDA DE HUENTITAN & Av. Hda. de
Oblatos '
Route 4 104 ° PROLONGACION AV. COLON (LLOMAS DE POLANCO)
(154 ") Intersection: AV, COLON & Circunvalacion Sta. Eduwiges
: ESCOBEDQ & Av. Juarez -
s AV. ALCALDE & Juan Manuel
. CALZ. INDEPENDENCIA NORTE & Pable -
: Guticrrez {Parque Morelos) :
" CALZ. INDEPENDENCIA NORTE (JALISCO
STADIUM AND BULL FIGHT RING)
Total | 538Kms
S (608 " )

Figures in (.} are futurc prolongated lengths.

Extensions: Roule 4 —E

Prol; to south 2.00 Kms.
Prol 1o north 3.00 Kms.

Route 1 ~ Prol. to south 2.00 Kms.
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CHAPTER VIll. ESTIMATED VOLUME OF .RAILWAY TRAFFIC

1. Estimated distribution of residential areas in the future -
" We estimated that the population within the urban {raffic zone of Guadalajara will be some 3,500,000 in
1980. The distribution of residential areas of various types is supposed to be as follows, ' '

Generally, the present pattern of the distribution of residential districts of various classes will remain
unchanged and will continue to spread in various directions toward the suburbs.

So it is presumed that the castern part of the city will develop as middle-class or dcnscly populated :
ordinary class residential districts, the southern and southeastern parts as densely populated ordinary-class
residential districts, the nothern and the northeastern parts as middle-class or densely populated ordinary class
residential districts, the nothewestern part as middle-class residential districts (middle-class or densely populated
ordinary class residential districts in the Zapopan area), the western part as upper-class or middie-class
residential districts, and the southwestern part as middle-class residential districts.

These residential districts will presumably spread beyond the boundaries of this city into the suburban areas
and will be expanded to cover a vast area of about 7 to 10 kilometers radius from the cemet of the city in 1980
and still continue to sprcad oul at the same rate for the foresceable future.

2. Estimated traffic volume j in the future

We were not able to obtain data relating lo the ratio of use of tr‘msport facilities per person and the
Guadalzjara City. So, the mission had to estimate from the data we had gathered, such as the volume of
passenger traffic carried by buses, numbers of privately owned cars dnd taxicabs in operation in the city and also
the state of things in Mexico City and some foreign cities.

The living habits and income standard of the people of this city are rising to ‘tbout the same level of lhe
inhabitants of Mexico City. In Mexico City the average number of trips per person is 1.4 a day and it is
estimated to increase to 1.5 a day in the future. This figure is considered 1o be reasonable compared with other
cities of the world. This is probably the same with Guiadalajara and its passenger traffic is estimated to be about
1,960,000 persons as of 1968,

Of the total passenger traffic, about 1,300,000 or 66 per cent are now being carried by buses.

Judging from the estimated population of this city in the future, the total passenger traffic will presumably
increase to about 5,300,000 in 1980 or 12 years from now. -

In 1968 there was one privately owned car for every 32 person in Guadalajara City and 1980 will see about
50 per cent increase so that there will be one car for every 20 persons. In consideration of the population
growth, the number of registered privately owned cars will be about 380 per cent of the present number. So, if
the traffic situation is left as it is, the passenger traffic carried by pnvately owned cars and taxicabs will increase
to about 2,500,000 persons a day in the near-future,

The city is presently vigorously pushing on the road expansion plan which is expected to be completed to a

.great extent in 10 years. However, there are limits to-the road improvement in the midtown areas. So, it is
-necessary to give appropriate administrative guidance so that the passenger traffic now being carried by

automobiles may be shifted as much as possible to mass transport systems such as subways and buses. One of the
methods for this is that those who go to work in the midtown areas leave their cars at a subway station nearest
to their suburban homes and the cars are left in the parking place or driven back home by their families. (This
method called the “park-and-ride” or “kiss-and-ride” system is now being in use in U.S.A.) It will not impossible
by this method to decrease the number of privately owned car traffic between the midtown scction and -

‘suburban residential districts during the rush hours and reduce the vehicular traffic to about two- thirds of the
. previausly given figure. Even with this method being employed the volume of private car traffic in 1980 is

estimated (o increase to about 250 per cent of the present one and the number of passengers carried by private
cars will be about 1,650,000.

Since it is necessary that buses take over part of the pdssenger traffic carrlt.d by pnvately owned cars, if the
bus- transport capacity is increased to 150 per cent of the present capacity, the buses will be carrying about

* 1,950,000 passéngers in 1980,

From the above figures, the subways’ sharc of passenger traffic will be as follows.
'5,300,000-(1,950,000+1,650,000) = 1,700,000 (persans)

This being so, the percentage ratios of passenger traffic Larrléd by different types of lransport systems in
1968 and 1930 are as shown in Fig. 8 — 1,
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Fig. 8-1 Percentage ratios of passenger traffic carried by different types of transport systems

1980

1968

Private car and
taxi cab

Bus
37%
1,950,000

Private
, &
car and tax)cab 3i%

1,650,000

100%
5,300,000

100%
11,9604

1,300,000

660,000

Subway
32%
1,700,000

Estimated population in the range of use of the subway system
The mission estimated the population within the range of use of the proposed subway network, using the

estimated values of future population and by the following standards.
(1) The range of use of each subway route was divided into the primary range and the secondary range

(2

&)

4.

according to the distances from the railway line. The primary range is a region of 500 meters radius from
the station. The secondary range is a region within one kilometer from the railway route on both sidés, not
including the primary range.

The time required for the pdssenger 1o reach the station from his or her home is 7 minutes or less in the
primary range and 15 minutes or less in the secondary range.

Each route of the proposed subway system will be running along the existing main roads and therefore the
average population within the range of use of the subway is higher thar in other parts of the region, Taking

this into consideration, the popu!at:on density, classified by type of residential district, is estimated-as
follows.

High-class residential district - oot 15,000 persons per square Kilometer
- Middle-class residential district .....coovrvinrecsiinenns - 20,000 persons per square kilometer
Ordinary residential district  .....occocivvccvccene 25,000 persons per square kilometer
When the ranges of use of two subway routes overlap each other, the population within the ovenappm‘g

- area is split between the two routes,

Following the ubove rule, the population within the pﬂmary and secondary ranges of use of the proposed'
routes of subways. can be compulcd us follows
Route No. 1

(15,000 persons x 3 km + 20,000 persous x 5 km + 25,000 persons x 5.6 km} x 2= 570,000 persons
Rounte No. 2

(15,000 persons x 2.5 km + 20,000 persons % 5 km + 25,000 persons x 7.3 km) x.2 = 640,000 persons

" Route No. 3 -

(15,000 persons x 6-km + 20,000 persous x 55km + 25 ;000 persons x 4 km) x2 = 580,000 persons
Roule No. 4

{20,000 persons x 3.5 km + 25,000 x 6.9 km) x 2 = 490,000 persons

Total population wiihin_ the range of use of all subway stations cevenees 2,280,000 persons

Estimated numbers of users of the proposed subway routes _
Supposed that the rate of use of the proposed subwidy system is 0.6 for the primary range of use, 0.3 for

the secondary range annd the average rate for the total range is 0.42, the passenger traffic to be carried by each
subway roule can be computed from the area of the two ranges and the following estimated values are obtained..
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(The average number of trips per person is supposed to be 1.5 a day.)
Route No. | '

570,000 x 1.5 x 0.42 = 359,000 persons per day

Route No. 2

640,000 x 1.5 x 0.42 = 403,000 persons per day

Route No. 3

580,000 x 1.5 x 0.42 = 365,000 persons per day

Route No. 4

490,000 x 1.5 x 0.42 = 309,000 persons per day

The number of private car users living outside the range of use of subways who are expected to switch over
to the subways will be as follows. ' _ '
3,500,000 - 2,280,000 .
(2,500,000 - 1,650,000} x = 300,000 persons per day
3,500,000
Total passenger traffic carried by the subways
1,440,000 + 300,000 = 1,740,000 persons per day

The total volume of passenger traffic to be carried by the whole subway system is estimated at 1,740,000
persons per day as given above. However, since the subway network is so designed as to be convenient for the
passenger to change {rom one route to another, each route will carry such passengers transfering from other
routes. 5o, the actual volume of passenger traffic to be carried by each route can be computed by supposing
that 110 per cent of the number of passengers within its own range of use is the actual volume of passenger

traffic the route will carry a day. Thus, the number of passengers each route is estimated to be carrying in 1980
is as follows.

Route No. 1
{359,000 + 300,000 x %5-49—0 ) x 1.1 = 477,000 persons per day
Route No. 2
407

{407,000 + 300,000 x ) x 1.1 = 540,000 persons per day

1,440
Route No. 3
(365,000 + 300,000 x %) x 1.1 = 484,000 persons per day

Route No. 4
' 309 .

(309,000 + 300,000 x m) x lLl= 413,000 persons per day
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CHAPTER. IX. OPERATING PLAN

The size of transporting unit (number of passengers per car and the number of cars), number of
transporting runs (operation intervals) and the speed of the train are the factors in making out the schedules of
train operation. :

1. Size of transporting unit

The size of & car will, if assumed to be 2.8 m wide and 18 m long as mentioned later, provide a capacity of
150 passengers per car in standard, The number of cars of one subway train is four to ten in Japan. The rout
congested with passengers requires 10 cars, whose length is considered to be the maximum practically. A train
composed of 6 — 8 cars may be most expedient. As the volume of transport differs according to sections on a
line, it may be considered reasonable to reduce the number of cars at suburban sections where trafTic volume is
small. Flowever, in case of short lines like those of urban express railways the same [ormation is adopted
throughout all sections on a line, and cars are not disjoined or rejoined there.

As for the subway of Guadalajara Cily, 6-car formation, as practised in Tokyo, is deemed most suitable in
view of the number of users. Transport capacity of such formation is: 16 x 6 = 900. Some two times of the
above number can-be accommodated, if congestion js allowable to some extent. Such train can Lransport some
2,000 passengers.

2. Time intervals for operation

The operation of urban express trains is always desired to be scheduled with as short intervals as possible.

It is possible to reduce the operation interval to 1 minute 30 seconds which, however, is usally 2 minutes
for practical purpose because of reasons in relation to the distance between stations the distance between
signals, number of passengers getting on and off at stations (stopping minutes required to take care of passengers
at stations). A system of 2 minutes-and 30 seconds interval is mostly adopted in Tokyo at present, with some
exception of 2 minutes. -

On the other hand, the urban express railways are required to be operated with intervals less than 10
minutes even in daytime hours for the convenience of users to make them available without waiting so long.

The operation intervals are calculated as follows on the bais of estimated traffic volume classified by route
obtained as stated in the preceding chapter. -

The Factor that determines the minimun interval required is the traffic volume between the most congested
‘sections during the rush hours. .

The most congested: sections are the ‘commuting lines toward the city center, and the volume of such
transport is estimated at 90% of all in the light of examples in many cities and taking into consideration the
suburban-bound transport from the city center during the same hours. : '

The rate of transport volume during the most busy. one hour to that of a whole day (concentration rate) is
8.2% in the case of Mexico City. This rate tends to rise with the development of cities. This is within the range
from 10 to 15% for Tokyo. : ' R

Accordingly, it is planned with the concentration rate (per hour) of 10% here. -

Table 9—1 shows the planned maximum transport capacity, and the shortest operation intervals in this city.

3. Operating speed and running time _ .
The exact figures of the train speed and the running time should be determined on the basis of the
operation curve made [rom the conditions of the rajlway tracks (vertical gradient and radius of curve and the

like) and the vehicular performance curve. Approximate figures calculated from the past experiences are
~shown in Table 9-2. : ' .
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Table 9-1 Planned maximum transport capacity and shortest operation intervals

A4

Traffic : ' ' Shortest
Total Volume of | volume Traffic Planined operation
_ traffic traffic in passing volume per transport intervals:
Route volume per | one direc- the most hour during capacity Number of
da P tion per congested rush hours ‘and riding | trains
Y day sections {one-way) efficiency operated
per hour
Unit: 1000 | Unit: 1000 Unit: 1000 | Unit: 1 Unit: ]
No. 1 477 239 2i5 22,000 21,600 2m30s
: 102% 24 trains
No. 2 540 270 243 24,000 21,600 2m30s
110% 24 trains
No. 3 484 242 218 22,000 21,600 2m30s
' ' 102% 24 trains
No. 4 413 207 186 19,000 21,600 2m30s
88% 24 traing
Total 1,914 87,000 86,400
Table 9-2 Operating speed and running time of each route of Subway
Items Route No, 1 Route No. 2 Route No. 3 Route No. 4
Length of line 13.6 km 14.8 km 15.0 km 10.4 km
No. of stations (both ¥ :
6 16
terminals included} 16 ! 16 _
Junction stations 4 3 5 4
Others 12 13 11 7
Average distance between 0.91 km 0.99 km -1.00 km 1.04 km
stations . : .
- Total minutes for arrival 27 m 0m 30m . 2l m
- Scheduled speed 30km/h 30 km/h 30 km/h . 30km/h.
Maximum speed 80 km/h 80 km/h 80 km/h 80 km/h




The train must be.speed up as much as possible in order to make all other factors advantageous. In this case
where the distance between stations is 700 m at the central area _and I km — 1.2 km at suburban areas, the
optimum maximum pseed is calculated to be 80 kim/h.

4. Train kilometers
The train kilometers for one rush hour are us shown below:
Route No. 1 13.6 km x 24 trains x 2 =653 (train kilometers)
Route No.. 2 14.8kmx 24 trains x 2=710
Route No. 3 15.0km x 24 trains x 2=720
Route No. 4 10.4 km x 24 trains x 2 = 499

Total 53.8km . 2,582 (train kilometers)

No exact figure can be caleuluted for the total train kilometer per day without the schedule made. The
calculation i3 made raughly here to secure the transport capacily to meet the transport demand, taking into
consideration the ratio of transport demand classified by time zone in Mexico City.

As stated in Item §, paragraph 5, Chapter 2, the peak of the congested hours is in the afferhoon in
Guadalaraja City at present. It, however, is considered that the transport demand would come to be
concentrated at the commuting hours both in the morning and evening as the city makes development. A daily
schedule is made as shown in Table 9-3 under the above assumption and by reducing the transport capacity for
the daytime, early morning and midnight,

5. Railway cars o _
Urban express railways, in which distance between stations is short, require higli efficiency in vehicular

performance of speed acceleration and deceleration. The following verformances are desirable as vehicular
standards.

Elements of railway car:
Main dimensions:  Lenpgth ~ 18.00 m
Width—  2.79m
Height —  3.50m

Capacity: }50 passengers

Dead load: 35 tons

Main motor: 75kwx4g

Maximum operating speed: 100 km/h
Brake device:  Electromagnetic direct brake used

with dynamic braking
Accelaration: 4.0 km/h/s .
Deceleration: 4.0 km/h/s (ordinary)
. 5.0 km/h{s (emergency)

The required numbers of cars are as follows:

Route No, I Route No.2 Route No.3 Route No. 4 Total

Total minutes required for

) ' 27m 3I0m 30m ©2lm .

arrival . : :
-Operating intervals - ' - 2m30s 2m30s - 2m30s 2m30s

No. of operating trains required 25 27 28 20 - 100
No. of cars required 150 - 162 168 120 600
Spar.e'cars for inspection and s 0 a 15 24
repairs AR S ) . C : .

Total number of cars 168 182 189 135 674
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“Twelve per cent ol the operating cars is set aside as spare for use in case of inspection and repairs.
Accordingly, the total number of cars comes up to 674, '

It is advisable to install, as a setup for inspection and repairs, service tracks and f'ac1!1t1es around thc either
terminal of each line for inspection of cars alternately (inspection once s month) and a repair shop lor alt cars at
the operation base of Route No. 1. '

One repair shop could take care of more than 6,000 cars, enough for 674 cars and therefore should be so
arranged as to meet the future requirements of expansion in response to increasing cars.

Table 9-3. Ratio of passengers transported classified by time zone
and the train kilometers

Ratio of Ratio of  -No. of one- Ratio of Train kilo- No. of one-
Time passengers passengers way trains frain kilo- méters per way trains
zone transported  transported  per hour on meters, in hour,in - per hour on
in Mexico in central aline, in  Guadalajara  Guadalajara 1 line in Gua-
City (%) Tokyo (%) Tokyo City (%) City dalajara City
Hours
4--5 2.5 2 3 12.5 323 3
5-6 11.3 6 9 25.0 646 6
6-7 47.5 11 13 50.0 1,291 12
7-8 100.0 48 23 100.0 2,582 24
8-9 92.5 100 24 833 2,152 - 20
9-10 87.5 56 24 62,5 1,614 15
10--11 83.0 30 14 62.5 1,614 15
11-12- 81.0 20 12 50.0 1,291 12
121 90.5 21 12 50.0 1,291 12
1-2 79.0 24 12 50.0 1,291 12
2-3 85.0 22 12 50.0 1,291 12
3-4 82,0 26 14 50.0 - 1,291 iz
45 925 39 16 62.5 1,614 15
5-6 97.5 85 18 75.0 1,937 18
6--7 -99.0 69 17 625 1,614 15
" 7-8 915 43 15 50.0 1,291 12
8--9 60.0 - 34 14 45.8 1,184 11
9-10 35.8 29 12 416 1,076 10
10-11 21.4 15 10 25.0 646 6
11-12 18.8 12 6 16.7 430 4
12-1 10.0 4 3 12.5 323 3
Total 283 - 26,792 249
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CHAPTER X. CONSTRUCTQON GAUGES

1. Various gauges
1) Gaupe drawings

Gauges (or cars and buildings and dimensions for cross sections of constructions are decided as shown in Fig. -
10-1.

2) Railway gauge

No railway tracks exist in Guadalajars City which presently require consideration  for connecting, and
accordingly the railway gauge can be determined from an independent standpoint. Therelore, we ud.upl the
standard gauge of 1435 mm which is WIdLly used internationally.

3) Electrical system

A third-rail system is adopied. The voltage of the motive power is 750 V., D.C. There are two devices lor
collecting electric currenl—aerial wire and the third rail. The use of aerial wire makes it necessary lo raise the
height of tunnel interior approximately by 1050 mm, even i u special device, called rigid wire support, is
provided. This makes the cost of tunnel construction higher by 8%. The higher the voltage ol the motive power,
the more the electric installation cost can be reduced. In the case of the third-rail system, 750 V.is adopted here
which is regurded the maximum possible voltuge from the viewpoint of maintenance and safcty ol the
maintenance stalf members. Mnstly 600 V., D.C. is used under the 3rd-rail system in Japan, while 750 V.D.C. is
used in Osaka.

The aerial wire is used in some of subway lines in Tokyo and Kobe but this is because there are such
-compulsory conditions 1o meet the requirements for through operation by subway and suburbuan railway
already in operation. However, the third-rail system should be adopted for the city like Guadalajara where the
design can be made free from such restriction.

4) Gauge for railway car

The gauge lor railway car shown in Fig. 10— indicates the limits in respect of maximum allowable
dimension of a cross section of a car..

For larger transport capacity, a larger width of a car is required, which, however, makes il necessary to
enlarge the ross seclion of wnels, resulting in higher cost of tunnel construction. Under such conflicting
conditions, 2800 mm is adopted as the width which may be capable of meeting the future vequirements fur
increased traffic volume in Guadulajara City.

The gauge, in height, ol a car is set at 3500 mm above the rail level. The height of a car body should be
determined according to the physique of the public passengers. The height presently adopied in Japan is
considered sufficient enough lor the Mexicans.

5} Length of railway car

The length-of a caris st at 18.m. In principle, a targer transport volume is oblam;lblc by lm,reasmg, the
length of cars. This, however, necessitates entargement of ‘the cross section of curved tunncls and -resuits in
extending the clearance between the car body and side of the platform of the station, and also increassing the
load over the bogies. Taking into uccount such disadvantages, 18 m is adopted for the length of a car.

For farger traffic volume, the scheduled speed of a train should be increased. In the case of urban railroads -
like subway, distance belween stations is required (o be shortened. The shortening of the stoppage time at
stations, therefore, becornes un important factor in increasing the scheduled speed of the train. The space
between doors must not be large in order to secure the quick getting on and off of passengers at stations.
Accordinly. 4 doors are provided for the car body whose kngth is @0 m. This meuns the number of doors is .
-more by one than that of the 18m = long body.

As the result, the capacity can not be proportionally m:.re.jsud Thus, the Icn;:,lhemm3 of the car hody dues
not always serve 10 increase the capacify of 4 (rain.

6) Construction gauges

" The construction gaupes shown in Fig. 101 indicate the lmut.mon for the minimum allowable eross
section dimension which must not be violated by the tunned structures or installation in the straight-line
~tunnels. The difference in gauge between construction and car of 200 mm and 300 mm 1’cspcctivc]y at the side”
and the top of the car is an allowance needed for the rocking of cars in operation, prevention of rise of the car

at its center on the rail a1 the point of change in ;:mdc aud Ior the performunce of maintenance wml\s on the
trucks. -

) Sl/e ol tunnclk cross seclion

To pr(]VldL spaces for the wires of power, lighting and signals in tunnel und Tor a shelter at the central pillars
for workers in tunnel, it is so designed us (o give clearunce between the LUIISII‘LILUUH gauge and the inside surfdu:
of tunnel, 300 mni at the side wall-and 200 mm at the central pillars.

2. Design standards
1) Table of design standards
Design of lines is made .lu.()rdl'n;, to Table !0---I
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Table 10-1. Design standards

J Line along the platform [

E Standards Remarks
:n - E
2 Main line I eGm
E= IR T S — S
2z _ L o o
£ 3 Line attached at the ! 100 m Radius of curvalure at No. 8 junclion is taken
£ % Jjunction of main line T into consideration.
=7 . 500m

i

Length of transition
curve

T

" When radius of curvu-
ture is smaller than
300 my,

A

L=0.07-
, L=007"1 (in)

Vi Velocity
R:  Radius of curvature
V for R is provided separately.

Distance between transition
curves in opposite directions

ﬁﬁk

Longer than 15 m

If impaossible, straight line is not interpos-
ed.

Cant

vz
C=10— (mm
R (mm)

C:  Cant(mm) i
Vo Velocity (kmff) |
R:  Radius(m})

-

No cant is provided where radius of curvature
exceeds 800 m at the part along the

platform. 1n case radius is less than

800m, cant is provided for the train speed,
20 km/h. Reduction in cant is made cover-
ing the straight length 300 times as long as
the cant, where transition curve is not
provided.

gange by mearns of curve

3 Main Jine i 3571000
é_; — #_.h._g_.__.-..g_mm#,___v__..v...i...
E Within station Dl 0/1000
E P O
= | . .
ER Side Line | 45/1000 Less tl'um BIIOOQ for sn'dc line where
retention of car is required.
Minimum o o2 IOOO _ Not applicable to tracks along the platform
L L 1 _ Only when the plane curve radius is longer
Minimum longitudinal curve 3000 m than 300m and when unavaidabie, it can be
radius made 2500m and 2000m respectively for
the main line and side line.’
Entargement of construction w: 20,000 ' W:  Length to be extended on both sides

{mm)
R:  Radius of curvature {m)

Where radius of curva-
ture is smaller than

S:  Length to be extended toward inward '
of the curve (mm)

Slack .
a0 R: Curve radius {m)
4500 :
§=2 5
R L = vl as At 4 1 e A ————— = it
' ' . int case the radivs of curvature is
= | Concrete bed 400mm 500mm. i c‘:{)
: s smaller than 200m.
o= e
: § r :3 ' . The gravel baliast bed is used under houses
&% 52| Ballast bed 800nmm - or sections requireing protection from

vibration.

70
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=l

Minjumu space between centers of

Surface line,

T

i Standard space is 3.500m for surfuce line,

tracks i 3,400 m
’ | Underground line, regardless of straight or curved.
ii 4.050 m
Notes: £1)  Increase of cant, slack and excess shall be reduced over the full length of the transition
curve.
(2)  The minimum radius of curvature indicates the radivs of the inward track.
(3)  Relation between R and V in the formula for cant and the length of transition curve:
E ! T
R {(m) 160 200 - 250 300 J 50 | 400 Over 530
L——-—«M . S .-mwgﬁ_....._.,_.-.__.?,ﬁ__‘_,,‘_.._ui}..v,,,ﬁg...,., ——— i s j s e
V(km/h) | 42 SO 55 1 60 I 65 | M 80
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2} Minimum mdms of curvature

Since the minimum radius of curvature is related closely to the train speed, it is desirable to make it 200 m
at the smallest so as to keep the minimum speed to about 50 km/h. A larger radius of curvature results in
increasing the area to be occupied under the private fand at a place of small angled road intersection and the
like. Therefore, the minimum curve radius is allowed to a limit of 160 m. A small curve radius had defects not
only to restrict the train speed but to make maintenance of rails difficult because of heavy abrasions occurring
on rails.

The minimum radius of curvature is limited to 500 m for rails along the platform so as to prevent a large
clearance between the car body and the platform side.

For the line leading the train into the depot the minimum curve radius is allowed to be reduced to 100 m,
as the speed is not required as in the case of the main line.

3) Transition curve

A transition curve should be placed where cars move from straight line to curved line or in reverse “case 50
as 1o insure consecutive and uniform changes in centrifugal force by changing the radius of curvature
consecutively and smoothly from infinity to the radius of curvature at the place or vice versa so that 2 smoth
operatjon can be secured, :

The length of the transition curve is determined on the basis of the change rate of cant per unit time or the
change rate of centrifugal force per unit time or a fixed magnification of speed reduction in consideration of
safety against derailment when a car is supported at three points.

The iength as provided for in Table 10—1 will satisfy all the conditions.

4} Cant

Centrifugal force is produced when the train passes on a curved line and this differs according 1o the Lrain
speed and the radius of curvature. The outside rail on the curved line is raised to provide against the said
contrifugal force. This is called cant. There is a fear of overturn when the train stops on a curved ling, if too
large cant is provided. The maximum height of cant shall be so determined that the center of gravity of the train
%m:mtuwulmemM&eﬂmdofmcg%em%ﬂLWMnﬂwUMnﬂwsm\awwaﬂm&Tﬁmymd
consideration the allowance for the warp in the gauge and effects of deflection in car springs, the limit of V for
R i3 determined as shown in the notes of Table 10~1. '

5) Grade

The limits for the maximum grade differ according to the performance of cars, The cars to be used in the
subway usually have a superior performance as compared with those of surface trains, and therefore it is
possible to adopt a large prade.

In case a tunnel is constructed by means of cut and cover method the depth of excavation affects greatly
the construction cost. A steep grade is required at the subway intersections or at places ol transfer from
underbround to the elevated rajlway. '

- To provide for accurate stoppage and for an allowance for the pulling power at the startmg time, a small
griade is given along the at the station platforms.

_A larger grade may be applicable for lines Ieadmg in and owt of the car depot In order to prcvcnl any
uncontrollable run of cars, the grade must be small lor lines in the depot or for retention lines where cars must
be retained.

Minimum grade is reqmred for a drainage in tunnel.

{6) Oversize of construction gauge and track gauge at a curve

Oversize of construction gauge at a curve indicates that the front edge and the central part of the car body -
go horizontaly bcyond the construction gauge provided for the stra:ght Ime as shown as Ec and Ee in the
following th
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Slack means enlargement of space between rails aimed to make smooth the run on curve, as the {wo axles
of bogies are fixed in paraliel. It is showan as S in the following Fig.
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CHAPTER XI DESIGN AND EXECUTION OF CONSTRUCTION

1. Design of tunnel

1) Type of tunnel construction

 The cross section of a tunnel consists of square, arch and round shapes. The round shape is adopted as the
cruss section of tunnel built by the shicld method, but its space availability is the worst for square type car
body.

The arch shape was developed by the techniques vsed in construcung large masonries. This cross section is
adopted in the subway and the tunnel for drainage. Construction of a tunnel of arch shape is classified into two
ypes, one being cquipped with vertical side walls while the other without for the most part. The {ormer type is
used where the carth hus sufficient depth over the tunnel by putting an. arch into the upper stab of the square
shaped cross section. The latter is prevalent in Paris, etc., as a pillar-fess structure adopted in stations of island
type platform which requires a farge cross section. The arch shape, when used in a cross section with a large
span, contributes much to the lessening of thickness of the upper and lower slabs, H used al stations, the ceiling
can be clevated at its center. This adds much to the grandeur of the appearance. However, the larger the span,
the warse the space availability, and the natural ventilating efficiency by the piston action of the train is
reduced. Atiention should be paid to the abave facts. Temperature rose due to insulficienl ventilation in an arch
shaped tunnel for a two-track line recently completed in Montreal, Canada. This made it imperative to provide
additional sturcture of vertical shafts for ventilation between stations.

The square-shaped cross section is most suited for the square-shaped car body. This afTords the highest
utility of space in a tunnel, and makes minimum the use of underground arca. With ifs littie clearance between
the car body and the internal surface of the tunnel, natural ventifation is easily performed by the piston action
of the train.

Conceivable as muaierials of construction are stone, concrete, reifforced concreie, PS concrete and sieel. In

~ view of the facts that this is an dnderground construction, considerably large cross section is required, work is

often restricted as it is execuied under the busy streets, and the design has to be changed often during the
execution of work, the reinforced congrete structure is deemed most [itted. However, design should be so made
as to utilize the characteristics of other materials to suit the pillars of the station, beams required of long span
and other special places. _

" In order to minimize the cross section area and lessen rationally the thickness of the tunnel wall, flat-stab

rigid frame construction is advisable for the square-shaped cross section. Putting these data together, it is

concluded that the tunnel construction by cut and cover method should be of reinforced concrete of flat-slab
and box-type rigid {rame type. A standard cross section is shown in Fig. 11-1.

Howcver, at the northern part of the city where the rook formation is found near the surface of ground,
blasting is required for excavation.Blasting was seen 4t a work site for a drainage tunnel, but generally the use of
dynamite must be avoided in the city area. For the excavation required for 4 tunnel in such arca, it must be
planned to apply the horizontal cutling process as in case of mountainous terrain.

In this case, the tunne! should be made of reinforced concrete or plain concrete, and a system of two
parallel tunnels for 2 single-track lines is a standard type as shown in an 11-2. The sturcture of elevaied raifway

need by a geographical reasons at a portion of Route No. 2 should be an efevated skab-beam construction of 3

continuous spans, with foundation piles of reinforced concrete placed at site, one each under a pillar.

2} Enlargement of tunnel cross section at g curve :

The cross section of tunnel mus! be enlarged in accordance w1th the mdlus of curve at the c.urved seclion:
The method of caleulation on the unit of m.m. is as lollows; -

thn the center of curve is on the left side of the followmg plane figure:
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width of construction gauge + (allowance o the side wall) + a
2

1600 + 300 + u
width of construction gauge + {ilowance to the central pillar)

1i

B = - 5
+ width of centra) pillar + § = 1600 + 200 + 225 + g
5 .
A = width of construction gange + (allowance 1o the cenir) pillar)
— —
with of centrad pillar + a = 1600 + 200+ 225 + @
B = width of construction puage + (ullowance 1o the side wall surfuce)
= e
+B= 1600 + 300 + ¢
H = 3800+ 100+h _
Where h is an increased height by cant
a= W+Hqgets .
Where « is total increase inside the curve
10,000 . R - -
W= R = 1 Expansion of construction limijts resulting from curvature
qc: Inferior excess product by cant
4500
] = —==_ 5 Sluck
R i
B = w-qe: total increase ougside the curve
20000 '
w=—"
R
ge: Ouiside excess produced by cant

By taking expanded dimensions of above figures the Tollowing formula is oblained:
E=A+B=A"+B =F o :
Thus the left and right side crass section of a tunsel can be made in contrast.
3) Designing for loads _ : - :

The subway lines are generally projected undey rouds and the loads which require consideration are load of
traffic and of carth onto the upper slab, curth pressure. taking into account the underground water, (o the side
wills, and the subgrade reaction ta the lower slab, In' the proximity of buildings, the effects therefrom must be
taken into consideration. For the lines passing under the private land, it should he so designed as 1o stand the
load on the subway tunncel of the buildings (present and Tuture) which should be borne by the foundation. In
the case of land on which possibifities exist for construction of buildings in the future, # tunnel of a type (o be
built under houses and which is capuble of bearing the Foundation Tor a reinforeed-concerete 4-story building
must be constructed. Compensalion Lo e land owner lor the restriction of buildings could be solved on this
condition. In this cuse, the subway tunnel must be designed to be strong enouph to stand the Joad of the
foundation for the buifding, and at the sume time, a prior survey should be made to check if the carth bencath
the subway sunnel g stand the load of the building too. : :

Generally, the underground. constructions are less subject to the effects of earthquake, and there is no
record ol heavy carthgquake in Guadalajara City. Therelore, no special consideration is required for the load at
the time af cacthquike. As for the loads on the elevated constructions on the ground, the same principle as in -
cise of general huildings may be applied. S '
4y Water proof layer ' : ' . : o .

The perimeter of the subway tunnel is in principle enclosed with water proof fayers-of asphall compased of
hessian” cloth and fell i the 2nd o Jed Layer, Siree the cost and 1erm of this work are refated closely 1o the
construction of the 1unnel, the underground water level, the coelticient of the permeability of the underground
- owiler, existence or ponsexistence of underground  waler pressure should. be mude: known prior. 1o the
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construction work by geological survey. The water-proof layers may be omitted if circumstances permits.

The underground water favel is about 6m at the center part ol Guadalajara City. At the site ol drainage
work, excavation as deep as Sm is often practised without timbering there. In sight of this, the underground
water is not considercd Lo give harm to the execution of the work, and the leakage of water alter completion of

work can be fully disposed of by the draining capacily of the pumping rooms installed within every 2 km in full
length of the tunnel.

5) Structure of railroad track
The facts, that the subway tracks run underground and the number of runs of train is large, make the
following conditions imperative.

{13 Number of runs of trains is lurge and-the maintenance work is almost mmposmb]e to perform while in

operation, and therefore high durability is required.

(2) Because of short period of no-operation, it must be so constructed as wo insure speedy maintenance

job.

{3} Less vibration and noise.

(4} Structure to make the cross section. of the tunnel as small as possible.

(5} Structure aguinst small curve radivs and stecp grade adopted at many places.

in view of the above caonditions, concrete bed should be used in the tracks as shown in Fig. 11-4, The
ballast bed in the tunnel under buildings however should be so designed as to prevent noise and vibration. The
congcrete bed should be equipped with an elastic fastening device which connects Lhe bed and yail through -
rubber material. The rail should be. that of 50kg/m, and case-hardened rail, superior in resistance against
abrasion, is used at curves, The frogs made of mangancse stee] shoudd be used, Rails should be connected by
means of welding, and the number of joints be made as few us possnblc to lighten the maintenance works,
prevent noises and for the comfort of passengers.

6) Drainage system

Water to be pumped out from the tunnel includes water used at stations, rainwater from’ ventilation
openings and entrances and the leakage in the tunnel. Such water is collected in the trap basin equipped on the
conerete bed, and from there it runs down along the longitudinal grade of the tunnel, then collected in the trap
basin in the pump rooms and pumped out into the drain,

The size of the pump room and the distance between rooms are dtermined according to the atmosphcriu
condition of the place, state of undergmund water and the installation of stations. For the subway of this city,
it is considered sufficient e cach having to 5 inch-pumps. In principle, the pump rooms are placed at sunken
points in the longitudinal prade. Where to place the pump rooms should be a consideration to made in
determining the longitudinal grade.

The structure of a pump room includes side room (see Fig. 11-5) and under room (see Fig. 11-6) types. The
basin for the former is placed sideways of the tunnel and under for the latter. The side room type should be the
standard unless otherwise restricted in terms of land required.

2. Railway stations and train depots

1} Scale of railway station :
_ The construction for the tunnel tor a part of a station costs three times as muc.h as that for a two-irack line
per meter in average. Consequently; the scale of the station is a very important factor that weiglhts heavy with
the construction cost for the tunnel as a whole. Howewver to widen the tunne! for-the station facilities in the

future is a very difficult work, or.almost impossible. The scale of stations, therefore, must be- prudemly decided
through thorough survey.

2) Type of platform :
There are two types of platfororm, one being a separate formation having two-track lines thWELI] two

'pldtforms and the other an island formation with a platform sepamtmg the two-track lines. Mcnts and demerit

are plainly shown in Table 11-1.
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Table [1—1, Types of platform

[tems compared Separate type Istand type
! Alignment of {racks Good Inferior, requires reverse curve
"2 Requirement of entresol . - | Nol always necessary Necessary, in principle
3 Deplh ofslructure Shallow Dcep
4 Utility of space in Good lnfcnor i.ll‘ld\'d]ldbl(.‘ spanc al junction
construt.tmn _ in f_'ronl and in the rear ol stalion
5 Uullty ufundcr;,mund area | Low ' Better ulnhzcd for enlresol
6 Cﬂnsiructton cost Lower Ihghu
7 Plaltrtprm extension work | Possible Almosl ‘impossible -
8 Utility of platform | Lower i ng,hcr
9 No, of ticket window & | Separaied to both sides, (onccntratud dl a plauc operation costs
wicket & operating cost operation costs higher fower
10 Getting on & olff, Inferior Good
convenience for fransferring|. :
passengers

Generally, the separale Lype seems advanlageous. However, in view of the effective availability at rush hours
of the width of the plarform of the busy stations ut the centra! urca of the ¢ity, convenience for passengers to
get on and off and transfer, and effective use of the underground urea, island type should be adopied for the
stations above mentioned and the junction statjons where two lines intersecte each with the other. The separate
formation is 4 standard for other stations.

3) Length and width of platform

The length of platform is determined according 1o the lcng!h of the long,cst train with some allowance
needed for operating techniques, Where the 6-car formation makes the longest length of the train, 6 x 18m =
108m is obtained. The allowance js given Sm ILS])LLIIVCIV in fronf and in the rear. Then the tength of platform is
obiained as follows: 108 + 5x'2=118m

The width of a plitfurm should be determined on the basis of the number of pussengers, present and future.
The standard width recommended for this cily is 4.0m for the separate type and 8.0m for the island type
platform. Further studies be made to widen the width of important stations like those where Route No. | and
No. 2 are crossing. The minimum available width should be 3.5m for the separate (ype und 7.0m lor the istand
type. '

4} Standard type of platform _

There are following standurd types of stations; island type with entresol as shown in Fig. 11-7; separate
formation with eniresol as shown in Fig. 11-8; separate Formation without entresol as shown in Fig. 119, For
the type as shown in Fig 11-9, pussage must be made under the tunnel to connect both plall‘orms IFig. 11-10
is & general picture of a junction station to be constructed at the center of the ¢ity..

It is desired that the platform at lower.level be equipped with un escalator. For an effective use ol the
-platform area. Dactyl-steel tube is preferable as the muterial of pillars on the platform so as to lessenthe areq
oceupied. - '

5) Railway stalion facilities

Facilities needed in railroad stations include the folhwoing: - '

{1} Booking office: Passenger lares will be a {lat rate of Wwken system. The booking job will be perl‘mmed
mainly by the automatic machine, and the window is required only for money Lxulmn;,uu, job. The
attomatic vending machine should be placed with its back side within the booking office. for the

.. convenience of maintenance and inspection. .

(2) Wicket: A machine will be used (0 permitl sutomatically a single person puss 1hmu1,h when the toke is

- . putin. The machine will be placed where it ¢an be watched out Itom the booking office.

(3) P*dulltlcs for station business: Fucilities required for the pcrformam,c of station duties are: an office, a
rest room, @ lodging room, an assembly room, latrins for station workers, 2 warchouse and a water
bailing reom. The office and assembly room are not always needed in every station,

(4) Electrical facilities: Necessury facilities are an electrical service room to receive the high-volt |
distribulion lines, a terminal board réom and a batiery room to secure the source Tor the minimum
required LlLLll’IClly for safety at the time of service interruption.

" (5) Passengers latrine: Installation of g latrine for passengers ut every station will increase the expenses
* both in construction und maintenance costs. I is desirable to iistall o latrine, however small, at cv0ry_
stution in conformity to the number of passenger.
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6) Passage o and from the ground

Places suited for installation of entrance are the greens of a plaza, sidewalk, and u private land facing the
road. ' o . ' . '

The entrance (o the subway, when installed on the greens of 4 plaza, will make it easier for the passenger 1o
focule. lis place should be selected taking into consideralion the convenience for the transfer to the bus or taxi
and the relative location of pedestrians’ crossing. The outward appearance must so made as {o suit the green
zone. _ . '

The entrance installed on the sidewalk is mast convenient for the passengers. This, however, will result in
obstructing the pedestrians, if the sidewalk is not wide enough. In Tokyo such entrance is not provided unless
the sidewalk is wider than Sm. The minimum width of the endrance is 1.5m. o '

In nstalling the entrance within the private land, such knd should be faced with road under which the
subway runs, some conspicuous signs should be provided to indicate the location of the entrance. The tand
under whicl the subway runs is generally & valuable place. Accordingly, the land should be utilized in 4 most
efficient way, such as for erecting building over the entrance or using part of the underground of the building
for entrance. . : ' _

In any case, signs standardized and clearly visualized both in the day-time and at night must be privided at
the entranee to the subwuy. This will serve (o promote the convenicnce of passengers and contribute (o the
increase ol the subway users. :

7} Car inspection section

The subject matters of car inspection presently conducted on the subway cars in Tokyo under the
provisions ol the Loecal Railway Law are shown below in Table 11.2. _ '

Table 11-2. Subject matters of ¢ar inspection ' '

Recurrence of . e . : : Stundard no. of days
inspection Matters of inspection required
Daily Operation functions assured and A number of hours
~“adjusted every day. ' :
Monthly Inspection and repairs of {uriction . A number of days
limits of the principal part.
Every 1.5 yeurs . Overhaul and repairs of principal 15 days
parts of motors, driving gear, brakes,
control equipment. _
. Every 3 years Overhaul and repairs of whole parts. 19 days

‘The daily and monthly inspection, including small scale repairs, is conducted in the inspection section.
Inspection in every 1.5 year and 3 years is performed at the factory which includes repairs for replacement and
‘temporal repairs. Besides, trains are subjected to inspection every morning before getting out of the depot
to make sure the functions of opening and shutting of doors and the head-light. Inspection of newly built cars
maty be scheduled with a little more infervals. ' : ' _

The inspection section will be provided at one end of every line. Facilities required there are the car
washing equipment, 2 wheel rol] cutting place, a car inspection shop, a small repair shop and an ofTice. Principal
machins used in the abovesaid works are roll-cutting machine, welder, drilling machine, grinder, lilting jacks,
overhead crane (3 tons)and air compressor, ete. :

8) Workshop . a _ :

It is advantageous to provide a workshap for cars at one place as viewed from the standpoint of the costs of
equipment and the efficiency of the factory. One workeshop is capable of executing works for some 6,000 to
7.000 cars, ' ' ' ' : . : '

The Ohi workshop of the Japan Nationat Railways is assigned with works for 6,000 cars.

Accordingly, a factory will be set up for the subway of this city und all Routes will be connected for
commen use by trains. . : :

The shops for inspection in every 1.5 years and 3 years and for temporary repairs include those for
inspection, dismantling and assembling, bogics, wheels, main moters, machines, car-body, painting, GCIaCilxg,
and office, ware-house, boiler room, air compressor room, as shown in Fig.11-11. When so aranged as shown in
Fig. 11-11, about an area of 20,000m* will be sufficient cnough to perform the work efficiently for nearly
1,000 cars. : ‘ R o )

Principal muchines with which. the workshop should be equipped are the overhead crune, traverser,
sutomatic bogie wushing machine,. parts washing equipment, wheel lathe, form cutting machine, lathes, wheel
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.prcss, drilling machine. electric wekder, motor tester, air system testing stand, testing stand for high V., large A.
relays, dielectric strength festing stand, ultrasonic wave defect detector, carts, lifting jacks, air compressor and
snatdl-size crane ete, '

9} Train depot .

Originally, a train depo! mens a place to refain cars. 11, however, is in an inseparable rclutionﬁ with the
inspcctioﬁ shop and the work shop, The word, depot, berein ustd includes them all. An area of 230m* ~260m*
is required per cur for a depot including the inspection shop.and the factory, ,

Shown in Fig. 11-1] is a depot having a factory and inspection shop covering an arca of 20,000m* 1t is
cupable of retaining 21 trains in the required area of 46,500m?, This kind of depot should be preparcd al one
place for the subway network of Guadalajara City. _

Shown in Fig. 11-12 is & depol equipped with retention lines and an inspection shop, This type of depot
should be placed at a tenminal of every line. The required area is 26,600m? and it is capable of retuining 18
trains. 1t is advun'tageous, from the standpoint ol uperation, 1o install a depot equipped only with retention lines
at the other end of the line. s scale may be decided in conformity to the number of cars used on thal line.

The land for a depot is wanted not to apart far from the railway line, Since it requirs a broad area, the main
fine and the depot must be connected with a side line, i the former is distant from the latter. Usually, a
single-track side line serves the purpose, but fur a lenglhy one double-tracks may be req uired,_ A stalion operated
at such place will contribute much to the land development of the district.

3. Execution of construction _
1J Topography, geology and earthquake of Guadalajars City {see Fig. 11-13)

Guadalajara City is located in Atemajae gorge ina pluteau made up under the effects of Santiago river. The
gorge is oval with ifs 22km-loag major sxis from Tonade hill northwesterly to Colli kil and with its 1 Thm-long
minor axis {rom the il of Las Juntas northeasterly (o Centinela hill. .

The strata of the castern part of Atemajac gorge consist of the layers of the deposit of voleanic rock,
underseus sediments and fossils of the 2nd periad of geology, The substratum of Guadulajura City is made up of
crushed roeks of the 3vd and 4th period.

The crushed rocks ure calied “Jalisco rock formation™, consisting of sand and heat-crushed rocks like lapilli.
At the northeast part of the gorge, the rock formuation is composed of gluss-like voleanic rocks near Colli hill,

The top soil of this city is of the 4th period steatum comprising volcanic pumice stones and alluvial soil
conveyed by water. On the hill of Tonalz located to southeast of the city, are ohserved basalts and tufTs of the
4t period. The northeastern purt of the city is blocked i front of Cemtinela hill by a large valley towards which
the whole fand of Guadalatara city is graded.. Rain water and dratnage are gathered towuards northeast direction
and discharged into ¢he great Santiago river. At the northwest part there are small valleys formed by collaps of
the pumice layer. _ ' '

This city suffered earthquuke frequently, with its center sumewhere between Zapopan and Lua Barranca, in
a period from May (o August in 1912, Thereafter, no licavy earthquake has taken pluce there. However, there is
‘un earthquake belt running along the cost tine from California and pussing San Francisco to the vicinity of this
city. The activitics ol Colima volcano near the city frequently cause heavy earthquikes 1o oceur, which,
however, is rather weukened before reaching the city. L '

2} Excuvation without road surface cover and cross beams (see Fig. 11-14) . . _

The topsoil of the city which is mostly composed of Jalisco rock formation makes it possible to dig
vertically without using the cross beams. Therefore, it is possible to excavate the lund without applying the road
surfuce cover at places where the suspension of traffic can be applicable on the road between the sections
vancerned. Al places where vertical excavation is impossible 1o its full depth, giving of a grade will help the
execution of the work. Excavation at places fower than the underground water level should be performed by
draining water using a draining pump, weli points or decp wells.

© Since the work can’ be done without cross beams and struts, use of targe-sized excuvator becomes pussible
here. This n_:sulls'in reduction in the-tevm and costs of construction. A winel of stone bond, 3m high, is used as
the muin sewerage of this city at o depth. of about 6m from the ground surface and 4m in width. Judging from -
such constructions, there is g full possibility for the exeavation without the road surlace cover and cross bearns.
The cost of tunne! construction. which accounts for nearly 30% of the oy ]
reduiced us muach as possible.. :
3} Cutting with road surface cover and cross beams (see Fip 11-14)

The work without the road surfice cover at  road crossing will result in impe
Therefore, the roud surfuce cover and cross heams niust be provided at the er
the rouds under which constructions 2O 0N,

it subway construction cost, must be

ding the traftic uf the place.
ossings to secure the traffic across

For the work at u place with the surface cover, picces of i-steel, 300mm x 50mm. or H-stecl, 300mm x
30Umm are driven’ in-us sheathing piles at intervals of - (

-5~ 2.0m. .On the top of thuse piles, picces of channel
- steel, 38Gmm % TG0mim-and these of angie stee

I, 130mm x 130mm are fixed at a depth of approximately #0cm -
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from the road surface. Pieces of L-steel, 600mm x 190mm are placed as the cross beams al intervals of 2m on the
supporting points of the picces of channel steel. Then the covering boards made of wouod, steel, or P.S. conerete
are laid in 2 row above the cross beams for the free road teaffic,

Excavation is set downward by putting in sheathing board between i-steel flanges whcre ;.xa.waled surlace
can not hold itself, and wales and struts are also used, if necessary. Sheathing boards or reinforced concrete,
wales and struts must be applied a1 a place near buildings cven if the work can be cxecuted without the road
surface cover. At a place like the center of the city where Av. Juarez and Calzada Independencia arc Ll’l)SSlll[,,
the whole roads should be covered and sheathing, wales and struts must-thoroughly applied. :

At a place like station where sheathing piles are arrunged wider than 10m, a supporting pile is driven in
between 2 piles, and the length of the cross beam is limited to about 10m. The intermediary piles are cot and
removed when the load is shifted onto the upper slab of the tunnel. The intermediary piles must bear the road |
surface load by their imbeded part below the level of the excavation bottom, Therefore, care must be taken to
prevent their sinking.

As regards the temporary constructions required in excavation work with the road surface cover, the siress
must be caleulated beforehand in relation to the embedment of sheathing piles, thickness of sheathing board:
wiles, struts, channel steel picces supporting road surfuce cross beams, ruad surface cross beams and covering
boards.

4) Road surface covering

Materials used for the road surtdce cover are wood, steel, Dactyle cast steel, P.S. concrete. Appro\ 7IL.m
may be all right as the thickness of the wooden cover, where the weight of a car is 20 tons and the road cross
beams are provided at intervals of 2m. Application of wooden covers, 4m in length, continuously for 2 spans to
the cross beams provided at intervals of 2in is a reasonable way o save the wooden material. However, should
one of the three beams supporting the cover boards goes above the level of the other two due to errors occurring
in installing cross beams and deflection of beams, it is liable to incur an unstable state, 1t is advisable, therefore,
to design a simple forma tion of beams at intervals ol 2m, even il it requirs a farger quantity of timber.

The wooden cover should be prepared with non-slip nosing against vehicles running thereon, To apply Ihc
material like asphalt and scatter sund thereon is a way for the above purpose,

When steel cover is used, satisfactory strength can be obtained in designing even in case of simple be‘tm and
therefore its length is designed to be 2Zm. As for its width, about 80cm is deemed appropriate, viewed from Lhe
convenicnce of carring and coustructing. Several kinds of steel covers are available such as those made by
connecting l-steel picces, arranging square pipes, made of sheet piles. Those having twisting trend caused by
welding strains produced in their making should not be used, as they would cause an vnstable state a1 the site of
work. The steel cover is costly, but is using price can be brought down, il so planncd as to use it many tinmes
hecause of its long durability,

Merits and demerits of the Dactyle cast steel cover are the seme s those made of steel. The thickness of the

. Dactyle cover can be altered as occasion demands because it is a cast mclal Tth makes it possible to work out a
reasonable design.

The cover made of P.S. concrete is used at piaces like streetcar tracks where elcctroiytlc corrosion occurs,
in spite of its defect—heavier dead load. :

5) Steel pile hanging-down method

Used for driving in of sheathing or intermediary piles are a drop hummer or Delmag pile hammer. {n either
case noises are produced. On a narrow road in the vicinity of important buildings orat the central part of city
where noises and vibration must be avoided, the hanging-down method is applied in place of piling by hammer.

The hanging-down method is to dig a hole to the required depth for each pile using an carth auger, then fill
the hole with liquidized bentonite mortar to prevent the hole wall from collapsing as the avger drill is brought

up, When the diill is full pulled up, the steal pile is put in the hole filled with bentonite mortar. This time the

pile is driven in the required extent to insure the upholding strength of the pile. [t will be an idea to set concrete

at the foot of the pile where such strength is specifically required. The bentonite mortar is applied to prevent
_ the collapsing of the hole walt and Lo resist the earth pressure, Therefore, it shouid be so prepared as to obtain

the resisting strength which might not obstruct the excavation work. Constructions of the. road surface-cover,

struts, wales, and sheathing boards are preformed in the same way as in case of pile driving in method

6} Underground confinuous wall method :

This is a method to dig underground holes or grooves cnnlmuously and rn.tke their walles by placing
concrete or mortar therein, One way is to fill the holes, excavated by the earth auger, with mortar and then put
therein the reinforcement cages to make sheathing walls. This method is applied in the strects and the like where
noises and vibration are forbidden, or where the underground water Icvei is high and the ground is Wtdk High
cost of construction is a defect of thls method.

lcos method is to dig holes using u flat grab, hang down the remfor:.cmenl cages into the holes filled with
llquudued betonite pl’Cp.l]‘ed to prevent the breaking of hole walls, and then sct concrete usm[, the trcm]e tube.

.‘_.. B —



“ The wall thus made can be used as a permuneni constriicture of the side wall of the subway tunne). The reverse
process of constructing the upper slab of the eos wallprior 1o that of the lower slab is a method of high safety
‘lo the nearby buildings and the like. The place where to upply this method, however, should be carefully
selected, as the construelion costs high-and requires a long term., '

The French Soletench method is the same in theory with the leos method, exeept that in the case of the
former excavation is performed by the rotation of the pipe edge and-carth and sand are carried away 1hrough
cireulation of the bentonit liquid. The excavator of the Soletench method works effective against solid ground
better than the Leos grab,
7y Underpinning ol building

During the construction work at a crossing of roads and the like where the subway line is required to be
pluced under the private land, buildings there are in principle removed and restored 1o the former state upon
completion of the tunnel. Under buildings unfitted lor dismantlement or restoration, supporting construction is
made thereunder, and the tunnef is constructed. As u supporting means, there is a trench method in which
horizontal excavation is made Tor the part of the tunnel side wall, then for the part of upper und lower slabs,
after having the side wall bear the Joad [Tom the upper part, and thereafter concrete is set. Another method is (o
prepare deep Foundaiion outside the tunnel or al the middle part of the wall, and by pulting in steel beams ot
hy buiiding underground beams, shilt the ldad of buildings onto the deep foundation. Prudent plans must be
worked out tirough thorough sitrveys on the structure of buildings, the state in which they are used, daje of
their construction, geological state of the place, and alter making economic comparison belween those methods.

In case where excavation must be undertaken under or very close 1o buildings, it is advisable 1o reinforce
the ground under and near the buildings by applying the injection method. The injection method is performed
by injecting into ground a’liquid agent mainly composed of water glass. The results are heavily alfected by the
skill of work. Careful work done by widly-experienced workers will produce a thoroughly reinforced ground,
which insures safer and casicr excavation thereafier, The injection method is also helpful for excavation as o
meins of intercepting water without lowering the underground water level at places witlt abundant water. -

8) Horizontal tunnel excavation ' . '

At the northeastern part of the city where blasting is required 10 excavate volcunic rocks, horizontal
excavation is advisable to lower as much as possible the level of tunnel for 2-track lines. The horizontal
excavation makes it possible lo continte (he construetion wark without suspending the surface traffic. A lurger
quantity of dynamite can be used frecly there as compared with that used in blasling work at streets, and the
tunnel construction work can be executed in a safe and efficient way.

[n this case, the turmel for a station should be designed on higher fevel and for 2-track fine, fower level, To
give a longitudinal grade 1o lines Lietween stations so us 1o form a valley-like shape is 1o facilitate (he starting,
braking, accelerating and decelerating of speed at stations, and thereby offers advantages of cusier operation of
the train and.reduclion in clectric consumplion.

9) Underground installations

One of the underground instatlations under the rouds which affects most the subwuay construction s the
arterial drainage system, The arterial drainage of the city s a tunnel, dm wide and 3ny high, made ol piled
pebbles. For the most part, this tunnel is located shatlow, about Sm from the ground surface to the bottom of

- the tunnel. Excavation wark under this tunnel by applying supports in exiremely difficult, '

1t may be a safe way to provide a bypass for the arteviul drainage during the subway tunnel construction.
When the subway tunirel is confronted longitudinally with the drainage it is désizable to muke g new drainage as
a bypass along other road which doesn®t interfere with the subway tunnel. This may serve to make casier the
free design and execution of the funnel construction, and oceasionally feads (o un advantageous result in respect
of cost and term of construction. When it is impossible to lead a bypass to other road, a bypuss is prepared-
within the excavated 1unnel using colgate pipes (colgate pipes ure protected by hanging

. down}, Thercunder, the
excavation and conerete setling are exceuled for the tunnel. The drainage is then restored to the Former slate
above the subway tunnel. o '

In case where the main drainage crosses the subway line. the subway construction is performed with
l\umpqrury bypass of colgute pipes. Upon completion of the subway construction, the drainage is restored 1o the
former state above the tunnel. ' :

In case the subway tunnel is confronted by arteriad drainage under uhavnid;lhlu circumstances, it muy be
pussible to use siphon-structure drainage and place it under the subway tunnel. This, however, lcaves problems -
: _oi‘_muking construction scale larger and management and maintenance of the sand pond lor siphoning. The
refative merits demand and deserve eareful study. ) ’ -

Hunwr concrete pipes are used in local drainage dand some part of the are
hanged when reinforced by applying caulking ut joints. :

As fur other underground installations, such as waler pipe, gas pipe, ele
under the road surface suppoit heams during the tunnel construction. They ms

vial draimage. These pipes can he

ctric cables, they can be hanged
1y be restored to the Tormer state

[ ]
o
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after compietion of the tunnel construction. This time altention must be paid not to cause accident to
underground installations resulting from the sinking of the back-fill earth after the completion of tunnel
construction, '

1) Other method

In the construction of the subway tunncl methods other than previously stated ones are used wiuch are
introduced brielly as follows.

()

3

Shield method

This is a method to make a tunnel by forming rings with the precast seg,meuts one after another behind
the cylindrical excavator that goes ahead covering the full cross section of the tunnel. Excavation is
executed manually or by machine and under high or normal atmospheric pressure according to geology
and the height of the underground water level. Materials used for the segments are reinforced concrete
steel, Dacty| cast steel. o

Pneumatic caisson method

This is to make a part, about 25--30m long, of the subway tunnel into an air-tight caisson, and
excavate the ground under the caisson in the compressed air, and then the caisson is sunken. In this
method the air pressure prevents the inflow of water, and therefore, it is used in tunnei construction at

places where unerground water level is high and the ground is weak or at places where the tunnei g,ocs
across a rive.

Freezing method

This is an ideal method that facilitates excavation work by reducmg the carth pressure and preventing
water from gashing out by means of freezing water in the earth. However, it is a costly and
time-consuming method. Voluminal expansion tends to cause the surface constructions to risé and the

work efficiency is lowered when the underground water Js in a fluid CDﬂdll!Oﬂ 1t thus leaves
technological problems to be solved.
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CHAPTER XII. ELECTRICAL FACILiTIES AND DISASTER
PREVENTION FACILITIES

1. Transforming facilities . _

No reference is made in this chapter as to the power supply route running up to the respective subway
transformers since a separate plan will be formulated, _ : .

~ Power, alter teceived al 20kv from the power supply route, will be transformed al the main transformer
“station of the subway and supplied to each of the transforimers provided at intervals of about 2km distance. In
the casé of subways, such transformer substations, being considered - difficult to be instalied in between the
subway statjons because of the dificulity of land purcharsing peculiar to the subway site, are provided within
the premises of appropriate stations selected at intervals of about 2km distance.

Power will be transformed to 750v DC by a rectifier at the respective transformer substations located in the
station’ premises, and will be supplied to the 3rd rail track, Considering the maintenance and performance, the
rectifier shall be of silicon type. The incidental power wili be transformed to somé 3.3kv AC by the respective
‘transformers, and will be supplied to each station. ] ’

Each subway station will have the power receiving facility where the supplied 3.3kv power will be changed
into 100—-200v AC for use of lighting, drainage pumping, ventilation and for other purposes. Power is supplied
to the respective transformers by cable which will be suspended against the tunnel wall.

[t is desirable that all wransformers for usé by subways are provided with two or three supply routes in
consideration of possible power failure or other defects so that automatic change of switch can be performed in
case of any trouble, Also, it will be advisable to have a main transformer provided at each location from Route
No. | to Route No. 4 so Lhat any failure or trouble can be kept at its minimum.
~ All transformer substations provided in the premises of selecied subway stations shall be of no-man type
with an independent automatic control panel which may require only periodic inspection. A central conirol
board will be located in the power control center for control of all lines, _

All failures or defects occurring at each of the transformers located in the subway station premises will be
communicated to the power control center which will then direct all necessary instructions.

2. Power supply facilities

 The source of power for the electric cars will be of 750v DC, and the method of current collection will be
of the third rail system, As thi§ subway system is designed mainly for urban transportation purpose, there is no
-need of considering a direct passage of large scale intercity transportation and, therefore, in consideration of the
economy of the cross section space of the tunnel, catenary method wifi not be used.
" The power source. for all lighting, water supply and drainage, ventilation system, and other incidental
fucilities shall be of 3.3kv AC which is received by the power receiving facility at each of the subway stations
- and’is transformed into 100-200v AC. The lighting is considered to have 500-800 [x {on the table level) in the
office, and 400-500 1x (floor level) in the platform concourse. The lighting will be of fluorescent type. '
Drainage system will have water deposits at appropriate intervals in consideration of the railway gradicﬁt.
The water will be drained from the deposits by pumps. 1t will be advisable that the capacity of the pumps be
“determined in consideration of the underground witer level, zailfal), and the water amount used by the stations,
however, for the sake of safety, the capacity of the pumps is recoimendable to have about two times of the
average water amount expected. ' _ : ' : : . '
~ All such transformers and power receiving facilities shall be provided with their respective housings with a
sign of “Electric Room”, which is advisable to have an appropriate ventilation, if such equipment generates a
large voluem of heat. ' _ o ' o :

3. Signal and safety facilities :
For signaling and safety facilities, it is desirable to adopt such AT.C. and C.T.C. systems as actually
practiced by the Japanese National Railways with the New Tokaido Trunk Line. ' :
. The signal syst_em shall use the track circuit and the speed signal shall be transmitted from the ground based
tadio transmitter to the receiver installed in the car, thus’ automatically indicating the speed signal so
transmitied. In view of the speed of the trains'and the length of the block section, (lic system shall comprise five
indicators, _ ' ' ' '
By these speed indicators, the speed of the train will be- automatically controlled, and in case of any
_overspeed, the power circuit will automatically cut off and the br
the necessity of any ground signal lucilities.

Furthermore, in order to give higher efficiency of performance as & commuters’ train, it should be

ake will work itself, This system will climinate

—~ 57—
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_prevent further extension of fire must be provided.

friction, -

considered that a {arpest possible latitude of accelerration and deceleration should be given, and that the
distanice in between the block sections should be limited to the minimum length possible so that the trains can
be operated in maximus numbers.

Also, further consideration shall be piven for the future when A.T.C. operation can be performed by

. installing additional ground or on-the-train signal system. = :

With this A.T.C. system adopted, the train shall become almost complete automatic operation, and the
electric car operator’s job will be nothing but to watch the safe moving of the train. However, such A.T.O.
system should be employed after 4 deliberate caleulation weighing all the involved factors such as investement,
economy, [abor, ete. : _

All train operation through the entire subway line shall be covered by C.T.C. system. All signals at the
respective stations and the operation of the trains shall be communicated to the central control command which
shall have a central train operation chart board showing the locations of ali trains in operalion, and shall
communicate with each of the operating trains by radio telephone system to give out necessary instructions at

any time when so required, and at the same time, shall tuke necessary action for synchronizing of signaling and
switching,

4. Communications facilities :

The communications (acilities comprise two tclephone systems. One is for general clerical and business
purpose, and the otler is for exculusive usc of power supply and instruction isssuance. _

I view of the importance of genera clerical and business communications and the urgency of operational
message and contact, the telephone system is recommended to be u combined type of exclusive subway line and
the general purpose civil line, while the instruction issuing telephone system shall be radio telephone having the
central control command as its base station. This base station will handle and issue all communications and
instructions to cach of the subway stations and the operating trains. .

1t should be considered that the radio installed on the train should be the type of guided radio system.
[nstallation of such system is a “must™ in view of the absofute necessity of emargency communication.

Aside from this, an additional emergency communication system should be provided fo enable ihe

maintenance men to report immediately any unusual findings that they may encounter during their
maintenance patrol.

5. Disaster prevention facilities

The subways, which unlike the railways on the ground, have the railways and station buildings under the
ground, should be provided with all conceivable safety and disaster preverition measures for the protection of
the passengers and the personnel working for the subways. The conceivable disasters may include fire, flood,
power inferruption, ct¢. For prevention of fire, effort should be made to remove all possible causes of fire, For
this purpose, cars must be built with non-inflamable materials as much as possible, and meximum limitation -
must be placed against the inflamable fixtures. Therma) detectors, smoke sensors and L.T.V. dre recommended
to be installed so that fire can be detected and alarimed at its earliest stage. For this; an early alurming system
should be provided. . : :

In order to minimize the disaster as less as possible in case of emergency, elaborate studies should be made
to prepare emergency exits for passengers to be guided to the safety. Also, providing against any fire which may
break out, a {ire control or extinguishing system as well as fire fighting squads must be organized to fight and
controf the fire at the earliest possibie opportunity. Consideration must aiso be given to the control of smoke

“which will be disastrous in case of a subway fire. Sa, appropriate smoke discharge outlets and fire shulters to

As for the flood, the possibility of subway flooding must be calculated based on the data and information
on the rainfall, water-channels and extent and scale of floods in the past years in the Gundalajara area, and due
consideration should be given whether it will be necessary to. provide certain numbers of pumps ol required
capacity or water-gates to shut out the possible flood, : .

As for the power interruption, the conceivable caused may be by some troubles at the power source, or by
fire, flood or other disastrous accidents. Providing against such power faifure, it is necessury to conisder about

an emergency power generator or an auxiliary power source to sectre the lighting in the subway stations and
their premises, ventilations, etc. '

-6, Ventilation facilities

1). High temperature and hunidity inside the tunnel

The lma_t which is generated inside the tunnel is mainly from the human bodies, lighting in the prcmiécs of
the stations, and the power consumption of the electric cars including the heat lrom the railway and car wheel
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With the increase of passengers and trains, the tunnel is apt to be filled with uncomfortable air of high
temperature and high humidity becauge of the insuffi cxent heat transmission from the structural wall to the
earth and poor ventilation.

The heat transmission from the structural face into the ground may differ according (o the underground
water level and the geological nature of the locality. However, during the initial stage of the subway operation,
when yet the number of passengers and trains may not be very many, the lemperature, or heat build-up in the
tunnel may not risr too igh as the heat transmission is expected pretty much. But following the increase in the
numbers of passengers and (rains, it may become difficull to depend on the heat transmission and the built-up .
heat must be discharged by mechanicul ventilation.

2). Natural ventilation, ' '

The heal generated by the train in -the tunnel in between the stations can be discharged by natural
ventilation. The natural ventilation holes through to up-ground will be provided in the tunnel at appropriate
intervals, and the running train will play the role of a piston intaking fresh air and exhiausting the heated air
from the vent as the train runs through the tunnel, thus necessitating no blowers for mechanicai ventilation.
However, for the station platfornis, where the heated air is whirled up from the incoming train and the high
temperature is generated by the stopping trian, passengers, lightings and by other sources ofhc'lt in the station,
a mechanical ventilation is required.

The natural ventilation holes shall be as mdlcated in Fig. £2-1 in the case of the box-lype tunnel with two
tracks. Such type of vents shall be provided at every 80—100m. The vent shall be horizontal as a standard, but
according to the topographical condition, it may be veriical or shalt type. The natural ventilation holes, il the
tunnel runs deep underground, shall be located in close intervals s the vents becoming longer will become less
efficient. ' ' '

3). Mechanical air conditioning,

[t is the disadvantage ol the subw.iy statzons that the air Aow is limited only through the station’s entrance
and exit, whereas it is essential that a due consideration be given Lo the installation of mechanical ventilation or
air conditioning system. In this case, a ventilation at the rate of approximately 30 m*/m*/h is réquired for the
area used by people. For a mechanical air conditioning, a machine shed (blowers for intaking and exhausting,
power receiving set, and conlrol switches) and air ducts must be installed in the station premises, while up on’
the ground a vent must be opened which should be several meter high from the ground level. The machine shed
(machine room) need to be more than 4m lngh, and its floor space may be consideed about 200m?® for one
station if it is for use of ventilation alone. The vent space will be designed for sufficient air volume to allow
7~8m{s wind velocity.

.t can be assumed that the iemperature al Ihe station platforms will rise 4~5°C higher than the outside
temperature in sumimer time with the increase of incoming and outgoing passengers and trains at the station
after a few years of the operating of the subways, and that such high temperature will cause an unpleasant
environment to the passengers. Whereas the installation of air conditioning may become a subject of special
consideration. When an airconditioning system s considered, there will be necessary, beside the ventilation

equipment, a cooler or a refrigerator, air-controler, pumips, piping, cooling tower, ete. for which additional space
“for the machine room in the station premises and an extra space for the cooling tower up on the g ground must be
secured. .

For better efficiency and savmg of the operdnona] manpowcr, it is advisable that the control of all such

ventilations or air conditioning systems will be. centralized to the Central Control Board 1nstedd ofcach station
handling them.



CHAPTER Xifl. THE PRIORITY.OF THE EXECUTION OF CONSTRUCTION
' AND THE TIME FOR COMPLETION OF THE WORK

1. The Priority of the execution of construction
1). Introduction

Reviewing and study will be made as to which line of the pro;ected subway system as related in Clmplcr VIl
will first start the construction.

The condition which will decide the priority of the execution of the construction work accords almost with
the conditions described in Chapter VI, the details of which are given as follows:

(1). A transfer from the surface transportation should be c.onsulercd espccmliy, the transfer fram the bus
tmnsportdtmn must be given a priority attention,

In view of the mission of the subway transportation, which is to carry a large mass of passengers efliciently
and at high speed, the construction work of the sibways should be started from such sections which will best
meet such requirements.

{2). The crowded street traffic must first be relicved of its congestion.

As part of the duty of the high speed subway lmnspormtion is in the relaxation of traffic in the central area
of the city, the construction should bc. completed as soon as possible from the mos! tralfic cong,cstcd area to
ease such street traffic trouble.

(3). Upon opening the subways, a car-depot and a repairshop must be secured.

Any short subway section should have secured a train depot and a repair- shop for the maintenance of the
electric cars.

(4). The initial operational distance must be Skm or more at the shortest.

From the past experience, it has been learned that the initial operational subway section must be more than
Skm-at the shortest, otherwise, it would be difficult to get the satisfaction of the passengers, and would be
operationally uneconomical and inefficient. _ _

(5). The selected fine should be easier for construction and be possible for earlier completion.

For the initial construction section, an easier section should be selected where the road is wide and not
obstacled by crowded houses or buildings, and the underground s clear of burried objects and geographically
favorable. If not absolutely necessary, any section where u difficult work is aIltIClpdlEd should be eliminated
[rom the initial work schedule.

(6). The route connecting the most developed area with the center of the city should be selected.

The high speed transportation should be directed to the highly developed area or any area where future
high development is expected so that such high efficient transportation may encourage and promote an urban
development, and at the same time, to absorb part of the increasing traffic of the central area of the city into
the underground transportation, thus the worsening congestion will-be greatly eased..

Reviewing the general subway system from the above point of view; the construction work should be
commenced in the order of Route No.1, No.2, No. 3 and No.4.

2). Route No.1 -

Route No.I is aroute running east-west through the central area of the city along Av. Juarcz and. Av Javier
Mina. This line should be the first to be completed as its services are. essential for the transportation of a great

mass of commuters from the densely populated area extending on both sxdes of Av. Javier Mina and at the same
time to ease the street traffic congestion in Av. Judrez.

San Andres district, the east-side of the city, is a residential area, and acquisition of land for train depot and

car repair-shop is expected very dlfﬁcult while the city’s south-west side, the district of Ciudad del Sol; has still

many vacant lots along Av. Lopez Mateos and thls area will be desirable to install the car- depot and the
workshop lor car repdir and inspection.’

In order to cope with the traffic which is generated from this district toward the central part of the city, it
is necessary to complete the line extending to the civic center at one time. Consequently, it can be considered as

~most appropriate that the initial operating section should cover the line from Ciudad del Sof to Av. Lopez

Mateo and Av. Juarez and extend to the station next after the junction station linking Route No.3. In this case,
the length of this section will be 9km,

In Av. Lopez Mateos district, the city’s main seweragc duct being running under west side of the road, the

- subway line must be built ulong the line of the east-side half from the center of the avenue. In Av. Juarez, as the

ducts are- burried underneath the central line of the street, it may be necessary to move the duct to one side of
the road or other street, so that the subway line will have a sufficient space. '

The two existing underground passages in the center of the ¢ity will be closed for the length ol the subway
construction period, but these underground passﬁgcs_ may be used as the concourses for the subway station, and
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may be utilized as the entrance and exit for the station.

The construction of 4.6km line between the center ol the city and San Andres will follow then, and thus
Route No,1 will be entirely completed.
3). Route No.2

Route No.2 will serve for trdnsportdtxon running from Zapopan and Tlaquepague districts 1o the center off
the city, and will also be responsible for the traffic which is generated at the Centra) Bus Terminals, which is the
base for the arriving and departing busses between other cities and Guadalajara. The train depot and the car
repair and inspection workshap are recommended to be {ocated near the elevited raitway in the sout-cast part of
Zapopan along Awla Cdmacho, as in such area, acqunsmon of land and construclion work are umslduul very
eisy.,

The total ]eng,th of the line will be.14.8km, of which 9:6km running between the Central Bus Terminals and
Zapopan should be opened first for operation. In this case, in consideration of the construction of Route No.3,
the f:onjunction point of Route No.2 should be provided with a side line for dircci pussage of the trains.

lmmedlalcly following the constructjon of the above seciton, the section of 5.2km between the Central Bus
Terminals and Tlaquepaque will be completed. Thus Route No.2 shall have been enitrely completed.

4}, Route No.3

Route No.3 wiil take chargc of the transportation covering Prados Vallarta the west-side district of the
cily, and the arca leading to the center of the city from Oblatos, the north-east district of the city. A1
present, the railroad passengers at Guadalajura city are very few, however, in [luture, a high speed mass
transportation means should be developed as an inter-city Lansil transport. This Route No.3 will be conneeted
with the ground railway station of “Estacion de Pasajeros™. This line can expeet a farge number of commuters
along the highly populated area of Hacienda de Huentitan. _

The construction of Route No.3 should be commenced [rom Oblatos section and the subway aperdtion
should be opened from the Oblatos-Estacion section. At this stage of operation, Route No.3 should use as its
base the side line provided 1o connect with Roule No.2, and also should utilize the train depot of Roule No.2.

The following section between Estacion de Pasgjeros and Prados Vallurta extending 7.5km length is
desirable to be opened lor operation together with the above section.

" According 1o the situation, it-also may be passible to divide into two sections of Estacion de Pasajeros --
Los Arcos, 4.5km long and Los Arcos — Prados Vallarta, and commence the operation atl separate times. In such
case, the opening of the Estacion des Pasajeros and Los Arcos section should be as early as possible. Upon
opening of the entire Route No.3, a train depot and a car-inspection and repair shops are desirable to be
provided for use by Route No.3,.and the use of direct passuge of Route No.2 should be eliminated except in the
case of the car-repair necessity.

5). Route No.4 .

Route No.4 will cover the transportation of passengers in the residential area of the northern district and
the industrial area of the southern district leading to the center of the city. The total length of the line will be
10.4km. The construction of this line should be so planned, if it is possible, as to complete and open the entire
line at one time since sufficient experjence shail have been acquired through the construction and operation of
the earlicr opened Route No.1, 2 and 3. However, in case of the necessity of dividing the construction work in
two stages, it is advisable that the construction be starled first from the section having the length of 7.7km
running {from the conjunction station with Route No.3 and No.4, near the Moleros park to the industrial area
of Lomas de Polanco, where an increasing number of commuters is expected and an appropriate land space for
dcpgt is available. After this, the line should be extended to the north, to the Jalisco Studium.

2. ' Time for completion of the work .

Generally the subway construction work is done by the open-cut method whcruby the lunnel is made by
digging in from the ground surface, and afterward refilling. Consequently, symultaneous initiation of work from
all parts of the construction site can’ be possible. Therefore, there is no such work fimitation in the subway
construction as in the case of a long tunnel to be cut through a mountaincous terrain where only two ends are
possible lor digging, or a river bridge construction for which the net workable days depend strictly on. wcalhu
conditions.

Normally, for the most economic spced ol construction, the entire subway line is divided into sections of
500m - 1,000m length, and work is commenced from several such sections at a time if these are projected to be
completed lor operation in the sume time. In this case, the average time requirement for 500m — 1,000m length
of subway construction in Tokyo is about 24 — 30 months. But any section expected (o require difficult work

is divided into short work units of about 300m length so that such units could be wmph.tcd in aboul the sume '
pmod as in the casc of the average section.
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In this city, however, the subway construction has been projected and is to be carried out at the. very

* appropriate stage of the development of the city having no much difficult obstacles such as the covering of the

o3

road surface or suspension of daytime work as in the case of Tokyo. Therefore, it can be expected that the
construction work will be completed in much shorter tife than it was in Tokyo. Also the construction term for
power supply facilities, car-depot and other necessary facilities in connection with the subway project can be
within 24 — 30 months. As for the total time requn'ement inciuding the pcnod for the trdmmg of the
car-operatars, it will be safe to consider a period of about 36 months (3 years).

Table 13-1 indicates, with respect to the respective lines, the wark completion terms and the extension of
the sections to be opened for operation of the subways in Tokyo after 1951. Table 13-2 indicates the work
schedule of subway construction. The work from the excavation to the construction of the tunnel takes.
the longest period. If one portion of a section is delayed due to difficulty of work, then, certain changes in work
unit have to be made so that the whole work will progress uniformly for symultaneous opening (or operation.

Table 13-3 shows the work initiation time and the opening time including the section of each line from
No.1 to No.4, assuming the entire work will be completed in 10 years. '
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Table 13-1.

Length of Time Required from Initiation of Construction to Opening

of Subways in Tokyo
: ; Length Initiation Opening Required
Line Section km Date Date Time
Marunouchi  Ikebukuro — QOchanomizu 6.4 1951 Apr. 1954 Jan. two years
ten months
Ochanomizu — Awajicho 0.8 1954 Aug. 1956 Mar. one year
_ . eight months
Awajicho — Tokyo 1.5 1954 Aug. 1956 July two years
Tokyo — Ginza 1.1 1956 Jan. 1957 Dec. two years
Ginza — Kasumigaseki 1.0 1956 Aug. 1958 Qct, two years
three months
Kasumigaseki —Shinjukn 5.8 1957 Feb. 1959 Mar. two years
' two months
Shinjuku — Shinnakano 3.0 1959 Mar. 1961 Feb. two years
Shinnakano — Ogikubo 4.6 1960 Apr. 1962 Jan. one year
' ten months
Hibiya Minamisenju — Nakaokachimachi 3.7 1959 May 1961 Mar. one year
. : _ eleven months!
Kitasenju — Minamisenju 2.1 1960 Dec. 1962 May one year
' . ' six months
Nakaokachimachi — Ningyocho 2.5 1960 June 1962 May two years
Ningyocho — Higashiginza 3.0 1961 Mar. 1963 Feb. two years
Higashiginza — Kasumigaseki 2.0 1962 Sept. 1964 Aug, two years
Kasumigaseki — Ebisu 6.0 1961 QOct. 1964 Mar. two years
' six months
Ebisu — Nakameguro 1.0 1963 Feb. 1964 July one year
o ) six months
Table 13-3 -Work Schedule for 4 Routes
Route Sectlop. & Length Term (Y ear)
1 2 3 4 5 6 -8 10
First term 9 km .
No. 1
Second term 4.6 km
First term - 9.6 km
No..2 :
Second term - 5.2 km
: First.term 7.5 km
No. 3
Second term 7.5 km
No.4 .| Wholeline  10.4 km
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Table 13-2
Period
{month)

]

35

Work Schedule for Track Section {Standard)

Opcning

Opening inspection

Operation training

Adjustment

Preparations - . Investigation
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CHAPTER XIV. ESTIMATED CONSTRUCTION COSTS.

As the construction work of a subway is devoled muinly 1o underground work excavating tunnel work,
which, iowever, is greatly influenced by the geological condition of the area.

In view of the ground condition in Guadalajara district which is penerally favorable showing no distinc
geological variations, it appears very satisfactory for consimiction ol subways in this area, and as the result, the
caleulation of the subway construction budget is made based on an open-out method which is assumed as the
tmost appropriate method for this arca. '

_ In this city, the public works such as construction and improvement of seweruge, roads, etc. huve been
performed, and information and-daty Jor caleulation of construction cost of such works are available. However,
these date are only concerned with the works performed 4m - 5Sm deep underground, and besides the scale of
works as well as the types of structures built are essentially different from those of subway construction.
Therefore, the costs estimated for this project are based on the similar cases of subway construction in Tokyo.
1), Ruilway track area
The average cxcavation depth will be 12m, and in the ouiskirts of the city, lhc exeacation will be made

with 75% gradient, bul no earth timbering will be applied, while in the city area, a simple carth retaining will be’
made.

2} Station area

The average excavalion depth will be 12m same as the railway track area. As (he surface roud above the
subway line has 30m — 40m in width, and is considered possible Lo make a total road block (o facilitate a large
scale excavation. However, for the station area, an exlensive excavation is necessary and the excavated space will
reach nearly the underneath of the buildings and houses standing on both sides of the roud. For this reason, a
strong earth sustaining will be applied. _

Assuming island type platforms to be used, the railway tracks on both sides of the station will have a wider
space cach. So this cost for the widened tracks will be inchuded in the station cost.

Cost for tracks will be calewlated for concrete ruil bed. Cost Tor electrie facilitics will be calevlated in
cosideration of the datas of costruction costs of structures, buildings and tracks.

The construction administrative cxpenses ure gencrally caleulated at the ratio of 6 - 10% ugainst the

The construction administrative expenses arc gencrally calculated al the ratio of -6 - 10% against the
construction costs for the fixed facility assets. in this project. however, the medium ligure of the above, tha in,
8% will be taken. When colculated on the above basis, the civil work cost will be as shown in Table 14-1 and
14—4, and the total construction cosl as Table 14-5. :

The cost for the cars is calculuted based on the number of cars required for the train operation at 2%
wminutes intervals which is the technically allowable limitation. However, il the train operation is made at § min.
intervals during the time of the opening, the sufficient number of cars reqllm,d for such operation wﬂl bc 337,
the half of total cars in final need.

The Yorecast of bunget foreach yeur based on the work schedule given in Chapter XU is as shown in Table

14-0, provided, huwever, the land cost for space of rallway Lracks and site for slauuns Lias not been included as
- it seems Lo umounting to vcry m:,:g,mhun[ {igures.



Table 14-1 Construction Cost of Route No. 1

(Unit: ¥1 million)

Classification Lgf?gttl;:li?so. ?O;Iiﬁ'gii?nsg?:;fw [ Construction Cost -

Railway [1.7 ki - 16,556
Central part of City 4.1 1,480 6,068
Others 7.6 1,380 10,488
Station : - 1.9 km ) 5,910
Island type 7 420 2,940
Separate type 9 330 2,970
Total - _I; ._(;kdm‘ 22,466

Table 14-2 Construction Cost of Route No. 2
: : . (Unit: ¥1 million)
e e | i | comuenncon

Railway 12.9 km 16,726
Central part of City 4.2 1,480 6,216
Others 7.0 1,380 9,660
Elevated séction:_ 1.7 500 850
Station 1.9 km 5170
Island type W 3 - 420 _ 1;260
Separate type 11 .33.0 3},630
Elcvated station 2 40 280

Total 14.8 km 21,896



Table 14-3 Construction Cost of Route No. 3

{Unit: ¥1 million)

_ SUS Length & No. Construction Cost per .
Classification of Stations 1 km or 1 Station Construction Cost
Railway 13.1 km 18,628
Central part of City 3.5 1,480 8,140
Others 7.6 1,380 10,488
~Station 1.9 km 6,090
Island type - 9 420 3,780
Separate type 7 330 2,310
Total 15.0km 24,718
Table 14-4 Construction Cost of Route No. 4
Classification Length & No. Construction Cost per .
of Stations 1 km or | Statien Construetion Cost
Railway 9.1 km 13,098
Central part of City 3.4 1,480 7,992
Others 3.7 1,380 5,106
Station 1.3 km 4,080
Island type 5 420 2,100
Separate lype 6 330 1,980
Total 10.4 km 17,178
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Table 14-5 Construction Cost of Each Route per ltems

{Unit: ¥1 million)

) Route No. 1 | Route No. 2 | Route No. 3 | Route No. 4 Total
Classification 136km | 148km | 150km | 104kn | 53.8km

Cost of:
Structure works 22,470 21,900 24,720 17,180 86,270
decoraon ofstons | 450 400 450 30| 1750
Tracks 820 890 900 620 3,230
Electric:ﬁ equipment 2,380 2,320 2,610 1,810 9,120
Car shed 3,770 2,000 1,850 1,330 8,950
Cars 5,040 5.460 5.670 4,050 20,220
Administrative 2,390 2,200 2,440 1,700 8,730
Total 37,350 .35,230 38,670 27,020 138,270

Remarks; Cost of designing is included in both cost of structure works
and administrative, totalling about 10% of total cost.
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CHAPTER XV. MANAGEMENT PLAN

As it is the general practice throughout the world that most of the public transportation business is
munsged and operated as an independent enterprise, the management and operation of the subways of
Guadalajara City are planned and budgeted as an independently managed enterprise.

1. Operating cost

For the calculation of the operation of the operating cost the basic data should be quoted from the actual
labor cost, prices, “power cost, ete., however, as it is an overall estimation of the budget, the actual figures
taken from the Teito Rapid Transit Autherity are adopted as u reference. Table [5-1 represents the actual
figures in 1967 of said corporation. The LOSt of each car- kllometcr cxc]udmg the amount of depreciation and
interest is ¥98.80.

Generally, the increase rate of labor cost is higher than th.n of the commodlty price, but here a' 3% of
anntual increase rate is accounted in the computation of the operating cost.

As part of Route No.l will open and operate Irom the fourth year after the commencement ol the
construction work, the operating cost of a train per kilometer in the lourth year can be computed as follows
including the six year increuse rate:

¥98.86 x 6 cars = ¥593.16

¥593.16 x 1.1940 (price increase rate} = ¥708.23 :

During the initial period of the opening, each irain should be composed of four cars. However, for
convenience sake, the calculation is made based an 6-car train basis,

2. Number of passengers and train' kilometers

Based on the figures estimated for 1980, the number of passengers prior to 1980 is calculated at the
reduction rate of 7% each year. As to Routes No.1, No.2 and No.3, 10% each is reduced assuming there wil bc
no inductive effect for the first two years ofoperatlon

Alter 1980, the annual increase rate is expected at 5%. Thcrefore the calculauon results are as shown in
Table 15-2.

As {o the computation of train kilometer prior to 1980, the values as sought by making a reduction at the
annual rate of 7% per each line from the annually calculated numbers of passengers based on the above method.

After 1980, the average transportation efficiency of 100% will be gradually raised, and in 1988 when it
reaches 150%, a 5% increase in transport capacity will be made. At this stage, the train operation will amount to
262 runs per day for one way, which will be almost equivalent to the number of subway runs in Tokyo at

. present. As the resuits, it will become difficult to make a large scale ‘increase of trainrunning nfter 1988, while = -

the transportation efficiency will be gradually raised.

The actual values.in Tokyo represents about 220%. Therefore, it is assumed that durmg the length of 10
years after 1988, the subway will maintain sufficient capacity to handle the increasing number of passengers.

The train kilometer per each year is as shown in Table 5-3. The annual operanon cost per each train
kllometer as per Table 15-3 is indicated in Table 15-4,

3. Business profit ' .

The factors to decide thc business revenue are the farc system and the basic fares. When the
transportation distance extends to a long distance, a distance proportion system should be adopted. As the
subway transportation is an urban-traffic, and -most of the cities in the world are using single rate fare for all
sections, it may be advisable that this: subway also adopts the same fare system wluch makes it possﬂ:le to
mechanize all wicket business.

In consideration of the above, the single rate of fare for the subway will be ¥30 taking the example of the
fares in Tokyo subways.

- This ¥30 fare rate at the time of the opening in 1973, which is the fourth year after the commencement of
the construction of the subway, will be raised by some 10% after 3 or 4 years of operation lollowing the annual
3% price increase in consideration of the increase. in operatlonat expenses with the opening of the rest of the
lines one afier another, '

With the single rate of fares throughout the entire sections of the line; the business revenue account must

cxclude the estimated number of passengers who mterchangc the trains since a 10% of the interchanging
passengers is included in the calculation of the number of passengers of the trains in each. line.

Culculating the business revenue bases on ‘the number of passengers on annual basw as represented in Tabie

'13-2, the figures are as indicated in Table 15-5.
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4. Accounting : _

According to how the finance is raised {or this subway project, namely, whether it is an appropriation lrom
a public fund or financed by a loan as a private business, there will be great difference in the interest burden.
‘Asstnuing that this is an normal private project, and is managed and operated as such, the entire finance for the
project may have to depend on borrowed money. _

In such case, the interest rate can be assumed as much as more than 10%, in Guadalajara City however, in
view of the public nature of the business as well as the particular significance of railway project, it will be

reasonable to find a finance of lower interest rate of some 7% range following the example of Japan or
clsewhere. . '

There are two methods of depreciation. One is the fixed installment method while the other is the constant
percentage method. As a whole, most of private enterprises use the Jatier method. However, following the
general practice of railway business in general, this subway will adopt. the fixed installement method. The
depreciation term will be 50 years for all fixed assets of the facilities, for the generality of the computation, and
I3 years for the cars, Consequently, [rom [3 years after opening of the operation (1985), renewing of cars
and, from 1988, purchasing of additional 143 cars to increase the number of operating cars can be considered,
Also, the construction cost and the cost of cars will increase at the annual rate of 3% as same'in the case of the
operating cost. : : '

The profit and loss account based on the above listed figures is as given in Table 15-6, and it indicates an

operation in pre-depreciation black after the completion of all lines, while 4 years thereafter, post-depreciation
black.

5. Management organization

There will be an organization to manage and operate the construction work during the construction period,
and there will be only a limited number of persons required for construction itself. Therelore, after the opening
of the business, the size of the organization will naturally expand and enlarge with the expansion of business,
The size of the managerial and operational organization of the subway of Guadalajara City can be assumed as
indicated roughly in Table 15-8, taking the examples of the organizations of subways in Tokyo into reference.
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Table 15~1- Actual Examples of Operational Cost {Tokyo Subway, 1967)

ltems of Costs Cost for 1967 Cost/lkm/Car
Train kilometer 91,017,540 1 km
Labor expenses’ ¥5,479,795,184 ¥ 60,21
Expenses for: 3,124,563,016 34.33
Breakdown
Track maintenance 361,740,796 3.97
Electric circuit maintenance 215,330,801 237
Car maintenance 546,563,238 6.01
Operating & transporting 531,160,100 5.84
Electric power for train 915,840,949 10.06
Maintenance & administration 79,627,314 0.874
Transport management 29,861,458 0.328
Car rent 383,502,824 4,21
Head office 60,935,536 0.669
Others (taxes, etc.} 393,514,567 4.32
Total operational cost 98.86
K.W.H 227,325,020 2498
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Table 15-8 Management Organization

(Grand total 4,400)

Head Office
440

— Field
3,960

Genera) Affairs Dept. (Planning, General Affairs) wecomssmirinin: 80
- Personnal Detp. (Personal Affairs, Welfare) «rersesseressrrencsienscnnnes 80
Accounting Dept. (Accounting, Materials) e emescsssnmmsnsininennss 85
Business Dept. (Business, Statistics) vt resenmnnreerreees A0
Opcration Dept. (Operation, Cars) ............ e s 50
Engineering Dept, (Maiutcua:.lcc of Tracks, Blectricily} eeeesrvercesrerrses 105
 Station BUSINCS SeCHON—SLALIONS  seererrermscrsmersresssmesssissssnesasesrasss 1,550
i— Operatjon Section - Operation Control Room  seerreerseeimnainnine . 40
DIivers  srereooresessrrsisereesannmnneness 300

i— Trainmen Section ——‘[
Conductors - seceemresim i 330
— Maintenance of Tracks e 280
b= Tracks  sereessreesssencisserenssessneasioversisneneens 140
. . - Communication, Signal e 150
— Equipment SBCthl_l————L Transformer Section et rss s reesneos 40
L [nspection Seclion  «rewsrssesssesrnensneseree 390
T 340

—~80~
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CHAPTER XVi SUBWAY SYSTEMS IN SEVERAL CITIES OF THE WORLD

1. New York
‘New York has a subway system that is !ong,esi in the world of today. [t has a population of 7 /300,000

" people living within its boundaries. Manhattan, the center of New York, has a population of 1,560,000 and

skyscrapers rising side by side along the strects and avenues. Other boroughs of Bronz, Queens and Brooklyn
also have a population larger than that of Manhattan. The city has 35 lines of rapid-transit railways with a total
length of 381 kilometers, of which 216 kilometers run in underground tunnels and 18 kilometers are elevated
above Lhe streets.

This city’s first elevated railway was built in the latter half of the 191}1 century. Most of the elevated
railways went out of existence since 1904 when the city’s lirst subway line was built along the Fourth Avenue
of Broadway. Qniy a smail part of the previously built elevated railways is exislent at the present time. The
subways in New York were built mainly by such private railway companies as IRT {Inter-borough Rapid Transit
Company) and BMT {Brooklyn Manhattan Transit). They. were in 1940 brought under the control of the New
York Transport Department, which had already been operating the IND (Independent) subway network. Asa
result, the IND and three subway networks were placed under the managemeni of the public transport
authority. The New York Transpert Depariment ook over tramways, bus and trolley-bus services one after
another. [n 1953 the Transport Department: was reorganized into the New York City Transport Corporation so
that coordinated efforts might be made for the operation, maintenance, improvement and expansion of the
city's transport network, Flowever, the lack of coordination of the carly days is still existent at many places to -
make the transport system of this ¢ity of today so complicated and inconvenient for the passengers.

The subway system has 493 stations thal are spaced 800 meters on the average and carries about 1,360
million passengers a year. 1t uses the system of charging only one fare, 25 cents, for any length of journey and is
paid by using a token bought by the passenger. The subway Jines consist of double tracks, three tracks or double
double-tracks. A fairly large portion of the subway lines have double double-tracks and operate express trains,
On the three-track line, one track is used for operating express trains bound for south dusing the moraing rush
hours and for running express trains bound for north during the evening rush hours. The subway line has a gauge
ol 1,435mm. A rail weighs 49.6kp/m. The minimum curve radius of the railway track is 107m.

At a peak of traffic rush 34 trains are operated an hour. An accommodation train that siops at every station
is composed of 10 cars and an express train has 11 cars. A subway station has the booking office and ticket
gates on a . floor halfway between the street above and the platforms below. As many as 92 stations have
escalators or elevators to carry passengers between the booking hall and the platform. Most of the subway
tunnels were built by using the cut-and-cover technique and have a square cross section. The first doubie-track
subway tunnel was opened in 1904, [t is 7.96 meters wide and ils height {rom the surface of the tracks 1o the

ceiling is 3.89 meters and there are pillars in the center. Various different types of tunnels are running under the
_ East River. In 1930 the tunne] lining of lerro-concrete, which was chcdper than cast iron, was used for the first

time. : :

The subway pi.ﬂforms are of various types. At the double-track station the platforms are built in a scp.zmte
type while an “island” platform is provided at the three-track station where the express train stops. The train
operates on 600 V direct current which it receives from the third rail. When the subway lines were operated by

.-private railway companies, they had three power stations of their own. When the Public Corporation took over

the subways, it sold the power stations to the Consolidated Edison Company and since then it has been buymg
Llc,cmc power from the company.,

The subway train cars operating in New York vary in size with the lines acco:dmg to their former operators,

ART, BMT and IND; the length ranges from 15.56 meters to 20.32 mieters and the width from 2.69 meters to-

3.06' meters. The largest car of the BMT type has a capacity of carrying 260 passengers, of whom 78 are
provided with seats. The New York subway system owns a total of 6,700 cars. The authorized speed of train
operation is 35 kilometers per hour for the express and 32 kilometers per hour for the local that stops at each

. stution. The car has four double-doors on cach side.

The subways are furnished with automatic electric color-light signaling and the automatic train- -siop to
ensure safe operation of the trains.. An automatically operated train was once in use on the line between the
Times Square Station und Grand Central Station, the use of which was discontinued after April 1964 whet it
caused a fire hazard and proved to be unreliable from the standpoint of safety.

In addition to the above-mentioned three lines of underground railways, New York also has other subway
lines such the New Ark Subway running under the Hudson river from New Ark, a city west of New York, to the
Hudson Bay Terminal in Manhattan, which uses the “POC Type” cars that operate on the 600V. power collected
from the overhead trolley wire, and the 14—kilometer. subway owned and operated by the Port Authority
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" Trans-Hudson Corporation or brieﬁy P.AT.H. (2 public corporation aiming to develop and operate railway

transport 10 link New Jersey State and Manhattan), which runs into the central drea of the city through four
singfe-track shield tunnels running under the Hudson River. These subway lines cross cach other to forma -
complicated underground transport network in New York. '

The New York Transport Corporation is attempting large-scale expansion of rajlway routes lo cope willi the
ever-increasing urban iraffic habitants and now has completed the work of planning and designing. But the actual
work hias not yet been started because the American cities generally depend upon the revenue from increased taxes
for the funds of construction of a new railway line, and the city councit of New York has not yet given approval
for the construction of the projected subway lines. . ' :

2. Chicago . .

Chicago is a big city with 3,600,000 population in the middle of the U.S.A., stretching along the south
shore of Lake Michigan. it became the center of transpoit communications by land and waler afler the
construction in 1847 of railroads and later the completion of the Welland Canal allowing ocean-going ships to
pass between Lake Erie’ and Lake Ontario, and grew up as an important market for the harvest of the
wheat-lands and other produce of the great prairies of the U.S.A. Chicago of today boasts thic greatest industrial -
output in the U.S.A., especially in machinery and steel. _ :

In Chicago such forms ol urban transport as rapid-transit railroads, buses and troliey-buses are operated by -
the Transit Authority of Chicago. The urban rapid-transit railroads have a totaf fength of 122 kilometers, of
which 29.5 kilometers run underground. The elevated type of raitroad was first built, which forms a leop in the
central area of the city and extends into the west and northwest suburbs. The clevated railroad is carried on
steel viaducts above the road level. So, the noise of train operation is so anmoying and 1he road beneath is dark
even in the day-time and there is so much auro traffic that the noxius exhaust £ases remain stagnant.

The first subway line to be built in this city was the cight-kilometer section of the State Street Line which
was completed in 1943, This line runs from north to south atong the share of Lake Michigan and crosses the
previously mentioned loop line of rapid-transit railroad so that the passengers can change 1o and From- the
elevated railroad at the stations in the interscetions. The 6.9-kilometer north-south fine of the subway was
compieted in 1951, The suburban section of this line now extends into the southwest and northwest parts of
the city. These two subway lines are connected by underground passages at two stations in 1he midtown arca so
that the passengers can casily change between the two lines. _ '

These subway lines all run on the elvated tracks in the suburban districts and some of them have branch
lines. ' _ =

This city’s rapid-railway network has 136 stations in total, spaced 800 meters on the average. The
underground railroad tunmnels run 12 to 15 meters under the ground level. All these tunnels, except a few
tube tunnels, were built by the cut-and-cover method. The underground stations on the State Street Line
have a Iong-stretching island platform, and the longest one is 1,067 meters long and 6.7 meters wide so that it
would be possible to walk on the platform to the next station. Such a long platform is built also between some
other stations. Where there is no such long platform, there is a passage for inspection built on the same level
with the platform to link the adjacent statjons. -

The subway line has a guage of 1,435 millimeters and the minimum curve radius of 73 meters. Electric

- power to drive the train is collected from the third rail. The train operates on 600V, direct current.

Of the total 1,141 subway cars now in use, 770 are of the P.C.C. type and 180 are airconditioned. The car
is 14.7 meters long and its greatest width is 2.85 meters, and has a capacity of 100 passengers and 48 scats. The
trains consist of eight cars at most, The maximum frequency of trein operations is' 33 per hour and. the average
operating speed is 37.6 kilometers per hour,. ‘ - PR

The passenger traffic carried by the.rapid-transit railroads of this city was about-110 million in 1964,

_The subway. fare is 25 cents for any length of journey within the city areas and 40 cents for travelling out
of the city areas into the suburbs. Both token and transfer ticket are used to pay the railroad fare,

-3. Boston - '

Boston, the capital of Massachusetts State on the east coast of the U.S.A,, has the aldest history among
American cities. The city’s population within its administrative sections such as East Boston and South Boston is -
about 700,000 but the total population including its neighboring cities such as Cambridge and Charleston
amounts to some 2,600,000. These neighboring cities are so close to Boston that they all can be covered by a
single network of subways. In this respect Boston resembles the Guadalajara of the future, .

. The city's rapid-transit railroad network has a total length of 37.3 kilometers, of which 15.2 km run in
underground tunnels. In addition, part of strect-level railroads is passed in‘an underground tunnel. [n 1898 the
first underground railroad in the American Continent was built under Tremont Street. After that, subway lines

-were built one after another and the network of underground railroads of today were completed by 1924, The

unification of the urban transport of this city -began in June 1947 when the Metropolitan Transport Authority
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was created to unify the privately operated elevated railrouds and it was reorganized into the Massachusetts Bay
Transport Authority efficiently operate the wide-area public transport in and around the city.

' There are 41 stations and the average distance between stations is one kilometer, During 1960 the number
of passengers carried totalled some 200 million (including the traffic carried by trams and buses). [n 1963 the
car kilometers by rapid-transit railroads alone amounted to 14,500,000 kilometers. The frequency of train
operations during the rush hours was 26 to 27 trains in one direction. A (rain was composed of 4 cars during the
rush hours and 2 cars during the slack hours, The railroad cars have varied passenger accommodating capacities
according ta the routes, ranging from a.minimum of 178 persons (44 seats) to a maximum of 259 persons (56
seats). The scheduled speed of train aperation also varies from line to line; 26.6 kilometers per hour for Maine
Line, 35.2 kilometers per hour for Cambridge Line, and 30.7 kilometers per hour for East Boston Line,

The railroad has a gauge of 1,435 millimeters. The rails with 42.2 kilograms per meter. The maximum grade
is 50 per mill, The minimum curve radius is 122 meters. So, some parts of the railroads have considerably
difficult alignment. o '

The tunniels were built mainly by the cut and cover method and have a square-shaped cross section. The
trains operate on 600V, direct current that is collected from 'the third rail, except one line helween Maverick
and Wonderland, which uses an overhiead wire to receive power, -

. Boston is an ofd city and its urban railroads were developed und operated by private companies in the early
days. As a result, the present pbulic raitroad network include the lines of considerably different performing
characteristics. The Metropolitan Transport Autherity has been muaking continuous efforts to improve and
expand the city's railroads. It has built new types of rolling stock, adopted an uniform railroad fare system,
mechanized the issue and examinations of tickets, increased escalators at the stations, and improved the
facilities for the passengers to change from a train toa bus at a  terminal station. The railroad network is now
serving very satisfactorily the needs of the citizens of this city.
serving very satisfactorily the needs of the citizens of this city.

4. Philadelphia _ . ' : .

Philadelphia is a city with a population of 2,700,000 inhabitants, situated on the east coast of the U.S.A.
Until 1800 it was the seat of the Federal Government and the biggest city in this country. At present
Philadelphia ranks fourth in population in the U.S.A. The city has the rich coal and oil fields of Pennsylvania .
behind it and is blessed with a good harber in the mouth of the Delaware river that is so deep as to allow the
entry of ocean-going vessels. Philadelphia is presently a very important commercial and industrial center in
USA. - - ' _

The city's urban rapid-transit railroad system consists of four routes with an aggregate length of some 47
kilometers, of which about 29 kilometers run underground. The first subway line in this city was the Market
Street Line, running from east to west, which was buill in 1908, Only the 6.8 kitomelers of this line runs
underground. Part of a tramway line running along the Market Street is also passed underground. The Market
Street Line of the early days and the Frankford Line built in 1922 were constructed and operated by a private
company. In 1928 the Broad Street Line was built by the city and its operation was taken over by the private
company. This private transport company of Philadelphia is also operating other forms of ground-leve! transport
system such as tramway, bus and trolley-bus. The subway fare is uniformly 25 cents for any length of journey -
and 22 cents if a token is bought 10 pay the fare. When the passenger changes to other transport sysiem he or
she must pay an additional sum of 5 cents. The passenger tralfic carried by the rapid-transit railroad syslem
amounted 1o some 120 million a year in-1964. The number increases to some 510 million if the numbers of
passengers ciiried by other street-level transport systems such as tramway and bus. There are 58 subway
stations, maost of them are directly accessible from the office building and shops on thje streets. There are many
passages and concourses around the city public hall to provide convenient access to the Pennsylvania and other
stations. . ‘ _ . o o _ -

Two of the four subway routes run through the central city areas from east to west and from north to
south, one of the other two lines stretches outward from the city central areas and the other forms a semi-loop
line in the central'district of the city. The Market Street — Frankford Line has broad gauge of 1,588mm and
other lines a standard pauge of 1,435 mm so that there is no interchangeability of trains between these two
different types of railroads. The maximum grade of the tracks is 50 per mill. The weight of rail is 44.6 kg/m for
- the Market Street — Frankford Line and 49.6 kg/m for the other lines. The M—S Line is replacing t-e r
o with the 49.6 kg/m type when the old rails are replaced with new ones. : : .

The. railroad tracks are not adequately slandhrdized in many of the cities where urban rapid-transit railroad -
lines were constructed by several independent companies. I is possible to unify the management and operation -
ol such linés but virtually impossible to standardize the railroad track specifications. So, great care is needed in
formulating a plan for building a rew railroad transport network. ‘ _

" This city's railroad system has stations spaced 930 meters apart, The -scheduled speed is 27.7 km/h for the
27 ssand 25.9 Km/h for the local on the Broad Street Line and 32.5 km/h on the Market street Line. A train
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is composed of 5 to 6 cars. The M - § Line operates trains at intervals of one minute and 45 seconds during the
peak of rush hours. The interval is 2 minutes and 45 seconds on the B — § Line. The train length and
passenger-carrying capacity are 20.4 meters and 234 persons for the B - § Line and 16.8 meters and 176
persons [or the M — F Line. All cars are equipped with a motor. The total number of railroad cars owned is 552.

Since only one railroad fare is charged for any length of journey, the gates to and from the platforms are
unattended and are furnished with one-way revolving doors at many stations. The revelving door consisls in
horizontal bare extending from the floor level up to the ceiling and has the disadvantage of causing a gloomy

~eflect.

The train operates on 600V direct current, receiving power {rom the-third rail, of which there are two types
— the upper surface contact type and the lower surface contact type The automatic color-light sunnalmg system
is used.

5. Paris

" Paris is known for its well developed subway system built under coherent planning. However, the planning
was completed toward the end of the 19th century and the network was completed 35 years ago, the old
facilities now have some dispdvantages in coping with the vast population of 7,600,000 within the sphere of the
city’s traffic, So, work is now in progress on the improvement and expansion of the existing subway lines and
also on new lines. When the first phase of the new line is completed in the near future, the midtwon section will
become accessible directly from the residential district in the west part of the city. There were two different
concepts of urban railway at the time when the Paris subway system was projected. One of them was that many
railway lines should converge on a city from all directions and the terminuses existing on the circumference of
the city should be linked by a subway system. The other way of thinkiﬁg was that a subway system as a form of
urban transport ought to be designed and built with the highest priority to the convenience 0[' the inhabitants of
the city.

Paris decided on a subway nelwork best suited to meet the needs of its inhabitants, rejcctmg the other
concept strongly supported by the French National Railways, and completed the first route between Prote de
Vincennes and Porte Maillot in 1900. Work on the subway network progressed smoothly and most of the
praject was completed by 1933, Part of the ancient fortifications around Paris were still remaining in those days
and the subway lines did not extend beyond the walls. As the walls were removed azround 1930 and the
population of inhabitants in the suburban districts increased steadily, work began to extend the subway two or
three stations into the suburbs. However, the work of extending the existing subway routes came to a standstill
owing to the more-than-expected expansion of the population in the suburban areas and the maintenance of the
convenient one-fase system. Thus, Paris now has fifteen subway routes with an aggregate length of 139
kilometers, of which. 160 kilometers run in underground tunnels. :

In early days both subway and bus services in Paris were created and operated by prjvatc compames In
1921 the many independent bus companies were merged in a single organization. In 1941, the subways and bus
services came to an agreement to adjust their competitive relations so that these two different forms of public
transport might supplement each other. In 1949, the R.A.T.P. (Régic Autonome des Tmnsports Parisiens) was
set up so that Paris's transport might be placed under the control of a single organization. _

Paris’s subway system has 336 stations spaced 506 meters apart, considerably short compared with the
subways in other cities of the world. As the network of subway routes developed more and more, it became
possible to close some stations and. so far seven stations have ceased to exist, thus considerably helping sa~e the
operating cost and speed up the train operation. The subways carried 1,240 million passengers during 1966.
Only one farc of one franc is charged for any length of journey. Apart from the ordinary books of ten tickets,
cach costing 6 franc, Paris subways sell the weekly ticket (Carte Hebdomadaire) on condition that the passenger
mizkes one trip a day, and a vanety of cut-rate uckets for large-Famahes, wounded veterans and othcrs but 1o

* ordinary season ticket.

The subway network is so well developed that it is only necessary to walk ﬁve minutes or s0 to reach thc
nearest station within the city of Paris. All intersections of the subway routes have stations for changing trains.
This is very convenient for the passengers but in some places they may find it difficult to know where to change
the trains to reach their destinations. S, principal subway stations have an electrically illuminated mformatmn
board which will show the passenger the shortest route to reach his destination.

All the subway stations have a pair of platforms confronting each other with the rdnlway ll‘deS in between
and are so designed to make it very casy for the passenger to change trains, The passenger who has alighted at a
junction needs only proceed along the one-way passage having the name of the terminal station of the line to
which he wishes to transfer and he will find himseif on the right platform without fail. However, this system

" ingvitably ‘has a dlSﬂdVﬂﬂfdgC that only one entrance is provided at an end of the plalform or lhc walking

‘distance beuome uuneccssan!y long,.
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- The subway tracks have the minimum curve radius of 75 meters, the maximum grade of 40 per mill-and a
gauge of 1,435 millimeters, The rails weigh 52 kilograms per meter, The tunneis are of the cut-and-cover type or
the mountain tunnel type which is lined with arch-shaped masonry and a double-line cross section wilh no
pillars in the center. The station section of the tunnel also has an arch-type construction with no center pillars
and you may have a feeling of being oppressed when standing close to the wall of the platform.

The ‘train operates on 600V direct current received from the third rail. The operating speed is 22.6
kilometers per hour, comparatively slow, because the inter-station distances are relatively short, the trains have
relatively low accelerating and decelerating performance, the train doors are opened manually by the passengers
themselves, not by compressed air under the guard’s control, and consequently the train takes a comparatively

~ long time to allow the passengers to get on or off at each station. The train length is 15 melers and the width

2.48 meters. Each train is composed of 4 to 6 cars. During the peak of rush hours, the trains are operated at
intervals of one minute and 50 seconds.

1L is impossible 10 cope with the enormous increase in the passenger traffic in P.ms only by increasing the
capacily of the existing subway lines. Since 1962, work has been in progress on new subway lines which will
link with only the principal stations on the existing lines that the suburb-dwellers commuting to work in the
midtown arcas can travel straight into the center of the city, thus eliminating the need for changing trains at the
termimal stations on the existing lines. The projected subway lines will have an aggregate length of 46 kilometers
and run through the city from cast to west and from north to south. The subway trains will be operated on the
national railways lines in the suburban districts. When completed, these new lines will provide very Fast
transport with a maximum speed of 100 kilometers per hour and an ordinary operating speed of 60 kilometers
per hour. For this reason, the maximum grade is less than 30 per mill and the minimum curve radius is 600
melers, a considerably rigid design as the alignment of a subway tracks, Since almost all main streets of Paris
already have underground tunnels beneath them, the new subway tunnels must be built under the ex1slmg,
tunnels and this make the new project so'much difficolt engineering task.

6. Montreal

Montreal is Canada’s Jargest city thal sprawls in the south part of the Montreal Island in St. Lawrence River.
it is linked with New York by the waterways by way of the Great Lakes and Lake Champlaine and with ather
parts of Canada and the major cities of the U.S.A. by railways. Montreal has developed as an important center
of industry and communications by water and land. _

There has been a-plan for building a subway network in this city since as carly as 1910 but the plan had not
been put into practice untif August 1961 when Me Jean Drapeau was the mayor of the city. Work on the
subway system in Montreal was started in May 1962 under the guidance of Mr. Lucien Saulnier, the chairman of
the subway construction committee, and 7-kilometer Route No.l and 13.9-kilometer Route No.2 werc
completed in October 1966. So far three subways routes havc been built with an aggregate fength of
25.6-kilometers. : .

The construction of Montreal’s subways was undertaken by a committee composed mainly of the city's
civil-engineering and architecutural engineers assisted by some architecls of the city’s town pl.mnmg department
and some architects of private architectural designing offices.

- Montreal’s subways use the type of train with rubber-tire wheels. One of the reasons for using rubber-tire
wheels was that the sile of the 1967 International Exposition was the Sante-Héléne [sland and the subway line.
had to run under the St. Lawrence River on the north side of the island and the Le Moyne Waterway on the
north side, both more than. 10 meters deep, and a station was needed on the isiand and such topographical
conditions caused the subway tracks to have steep. gradients. Another characteristic feature of Montreal’s

- subways is the use of the car of 2.52 meters wide, small than the 3.15 meters wide .that is used widely in the

U.S.A. and other countries, in both cases the gauges are standard. The subway system with such a small car

width and corresponding small-diameter tunncls occupics a smaller underground space, providing the advantage

that the costs of construction of both rolling stock and tunnels are reduced and less time is required for a train

{o allow the passengers to get on and off at a station. The use of the smaller rolling stock for the subway system
is estimated to have reduced the construction cost by as much as 15 per cent. However, there is the danger that

it js virtually impossible to conceive any expansion of tln. subway facilities m cuse the number of the subway
users increases more than expected in the future,

- There are a total of 26 stations spaced 701 meters apart. There is only one fare Lhargcd for any length of
journey and the passenger can change from a subway train to a bus and vice versa, The subways carry 146
miflion passengers a year. The minimum curve radius of the Lracks is-183 meters and the maximum grade is 65
per mill. The rolling stock and tracks are almost the same with those of Paris in construction. The safety and
turnout rail have a puage of 1,435 mm and on its outside is 4 25.4-centimeter wide steel. plate-reinforced '
concrete runway. Like the rubber tire-subway teain of Paris, the Monlreal subway coaclt has eight rubber tired

wheels installed horizontally in addition to the regualr rubber tired wheels. Riding on the Montreal subway
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train, we feit almost no unpleasant feeling caused by sort of rolling [rom side to side as we felt in the subwyay
train of Paris. This was presmably because of some improvements such as the horizontal rubber tired wheels
being positioned 18 centimeters higher and also because the-stations have the type of scparate pl.uforms ,_md the
tracks have pood alignmend, —

The station sections of the subway tunnels were built by the cut-and-cover method, using reinforced
concrete or prestressed concrete, and have a square-shaped cross section. The seclions between stations were
built by boring through rock formations and have an arch-shaped cross section. The two platforms that face
each other with the railway tracks in between are linked by a passage leading through the intermediate floor
above the station tunnel and below the ground. The booking office and ticket gates are located on the
intermediate floor at the downtown subway stations, Suburban stations away from the center of the city have
all such facilities on the ground-level premises secured by purch.tsmg prwatciy owned land, with a structural
appearance to well harmonize the surroundings,

The subway train operate on 750V. direct current received from the third rail. The motor-coach is 17.2
meters long and the trailer coach 16.42 meters. A train is composed of 6 1o 9 coaches. During the peak of rush
hours, the trains are operated at intervals of twe minutes and 30 seconds. A maximum speed of train operation
is 80-kilometers per hour and the scheduled speed is 39-kilometers per hour, Montreal’s subway system has a
total of 369 coaches.

The construction cost was ¥2,900 million per kilometer, of which 44% was for rolling stock, 5% for land
procurement, and 29% for instaliations, research and so farth.

7. Toronto :

Situated on the west shore of Lake Ontario, one of the Great Lake, Toronto js the second largest city in
Canada and some 1,800,000 people live within its urban traffic zone. Toronto is an important junction on a
transcontinental railroad and a great center of commerce and- indusiry, with a big port with excelient
communications by the waterways of the Great Lakes with other parts of Canada and importani cmes of the
U.S.A.

This city is neatly laid out in a rcctangular pattern of siraight streets intersecting at right angles. The
Humber River flows through the city into Lake Ontario. Work on a subway began in 1949 and the Yonge Line
was completed in 1954, The existing subway lines have an aggregate length of 26.2 kilometers, of which
23.7-kilometers run through underground tunnels. There are 36 subway stations in total. They are spaced 610
meters apart on the average, comparatively short. Passenger traffic carried by the subway is some 66 million a
year, The subway route is divided inte zones to charge varying rates of fare according to the distance travelled,
25 cents for one Zone and 36.6 cents for two zones. The subway system hias a characteristic pattern of routes.

- There are only two subway lines running through the city. A nearly straight line of 17-kilometers in fength runs

from eust (o west under Bloor Street and Danforth Avenue. Another line runs to south and makes a U-turn to
north in the downtown area in the center of the city, crossing the straight east-to-west line at right angfes. This
is not a pattern of lines radiating {rom one point but the lines are built along the busy main streets of the city.

The railway tracks have a broad guage of 1,495 mm. The railway coach is 22.67 meters long and.3.15
meters wide, fairly large for underground railway rolling stock. No rubber-tired wheel is used The maximum

' gmde is 34.5 ofooand the rails weigh 49.6 kilograms per meter

A train is composed of a widely varying number of cars, fanging from 2 durmg slack hours-to § durmg rush
hours, The trains are operated at intervals of 2-minutes and 19 seconds during the peak of rush hours, The
scheduled speed is 29 to 32 kllometers per hour. There are two types of platform — the separate and the island
types.
the. island types. .

Most of the subway stations have 1ntermcdnte floor dbOVC ihe stdtlon tunne! and below’ street levcl where
there are booking office and ticket gates.

The subway tunnels are of different types such as the ferro-concrete construction of the square
cross-section doubleline type with center pillars, the double-line mountain tunnel lype, and the circular
cross-sction type built by the shield tunnelling technique. The stations. are also of these {hree types of
construction. There are two stations that are made up wilh two shicld tunnels joined together at the center. The
earth covering for the tunnels built by the cut-and-cover’ method i5s made so thick as 2.5 meters at least to
prevent dumage from freezing, The subway train operate on 600V.direct current, which is received from the
third rail. In carly days the subways in Toronto used 17.5 meter coaches made in Gloucester of Britain bui later
began to use larger coaches, 22.67 meters long, made by Montreal Rolling Stock Manufacturing Company. of

.Canada. The body of the new type of subway coach is made of aluminum to reduce the weight about 40 per

cent. [t has four §25 h.p. motofs, continuous fluorescent ifluminators,; thermostat-controlled heaters during the

~ wintertime, and ventifation systcm consisting of fans with auiomatic speed controls during the summer seasor.

— 86—



“The railway signaling is the automatic three-lamp type. Many safety devices are fitted, including automatic
train-stop in tunnels and the dead-man’s handle in the driver’s compartment. The train is equipped with a
public-address system and a telephone system that enables the driver to talk with the staff of the train tralTic
control room. A plan for extending the line at two terminuses (5.6 km. and 4.5 km.) was approved in 1964 and
presently the construction goes on. '
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APPENDIX

THE INFORMATION & MATERIALS AVAILABLE IN GUADALAJARA FOR REPORT

A— Data For Planning.

1—Mapa de la Republica Mextcam con la superficie de cada Estade y Su poblacion por los afios de 1950,
1960 y astimacidn a 1970,
2—Mapu del Estado de Jalisco con la division  municipal y sus respectivas superficies y poblacidn por 10s
afios 1950, 1955, 1960, y 1967. :
3—Poblacion por ramas de actividud y grupos de edad del Estado de Jalisco y area Metropohtam de
Guadalajara por los afios 1930, 1955, 1960, {965, y 1967 con base en los censos oficiales V11 y VIII.
4—Plano dé¢ incremento de la poblacién. '
5—Plano de la Ciudad de Guadalajara, trinsito interior-interior (1:20.000)
6—Plano de la Ciudad de Guadalajata, trinsito interior-interior (1:10.000)
7—Plano de la Civdad de Guadalajara, puntos de concurrencia de vehicules y personas (1:10.000)
8—Plano de la Ciudad de Guadalajara, puntos de interés turistico {1:2.500)
9 Plano de Ja Ciudad de Guadalajara aforo de automéviles. (1:2,500)
10—-Plano de la Ciudad de Guadalajara aforo de peatones (1:2.500)
11— Plano- de la Ciudad de Guadalajara, caracteristicas viales. (1:2.500)
12~Plano de la Ciudad de Guadalajara, aforos de transportes urbanos, {1:2.500)
13-~Plane de la Ciudad de Guadalajara, aforos de trinsito. (1:2.500)
14— Plano de sitios de automdviles. (1:1G.0003
15—Plano de la Ciudad de Guadalajara, trinsitc exterior-interior (1:10.000)
16— Plano de la Ciudad de Guadalajara, trinsito exterior- proposicion. (1:20.000)
17~Plano de la Ciudad de Guadalajara, trinsito exterior-exterior { {:20.000)
18— Plano de la Ciudad de Guadalajara, delimitacién de la zona centro. (1:20.000)
19~ Plano de la Ciudad de Guadalajara, espacios verdes. (1:10.000)
20~ Plano de 1a Ciudad de Guadalajara, proposicion vial, puntos de estudio. (1:20.000)
21~ Plano de fa Ciudad de Guadalajara, proposicidn del anillo de circunvalacién. {1:20.000)
22-- Relacion de sitios de antos de alquiler,
23~ Plano de la Cindad de Guadalujara, ubicacién de gasolineras y estaciones de servicio. {1:20.000)
24—Plano de la Ciudad de Guadalajara, remodelacién de ia zona central Etapas [,2,3, y 4. (1: 20.000)
24.- Mapa de densidad de poblacian en los afios 19535,
26--Movimientos de pasajeros y carga por ferrocarril registrado en las estaciones de los Ferrocarriles
Nacionales y del Pacifico en Guadalajara, con las horarios correspondientes.
27—Mapa de las rutas de autobuses en [a Ciudad de Guadalajara (No.1 — 7)
28— Planos de Ja Ciudad de Guadalajara, autobuses urbanos, rutas actuales. (1:20.000)
29— Datos sobre vialidad en Guadalajura y €] Estado de Jalisco.
30— Informe sobre los vehiculos en circulacion desde :
31— Plano de la Ciudad de Guadalajura, estudiode tiempo de tardanza (1:20.000)
32—Plano de la Ciudad de Guadalajara, accidentes de trdnsito. (1:10.000)
33—Plano de fa Ciudad de Guadalajara, proposicidn del sistema vial, (1:20.000)
34— Organigrama institucional pliblica del area Metropolitana desglosado a niveles federa!es, estatal y
miunicipal.
35—Monto de salarios, promedm que’ se paga en las lmeas ferrovmrms con termmales en la. Ciudad de
Guadalajara.

36— Salarios en general y.por ocupaciones en GUdd&]ﬂJdm Comisién Nac:ona] de los Sdlanos Minimos.

~Salarios minimos que regirdn en los afios 1968 — 1969
37—Precios de la tierra catastrales y comcruales en el area Metropohtana
38— Demopgrafia:
(1} Incremento de la publacion con RUmMeros absclutos en los afios 1940—1964 '
(2) Cuadro industrisl de Guadalajara 1962 :
(3} Ocupacién.
(4) Apua potable. :
(5) Vialidad pasos-a denivel en Guada]'uara
(6) Vialidad Anillo Periférico,
(7) Servicios Sociales, _
{8) Educacidn — Localizacidn de escuelas.
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(10)Zonilicacién.

Technical datas:

39--Plano del Valle de Guadalajara (1:20.000)

40~ Fotografia aerea (1:40.000)

41— Plano fotogrifico de colectores. ( 1:20.000}

42~ Plano de la Ciudad de Guadalajara, red de gas natural. (1:20.000)

43~ Especificaciones generiles de pavimento de concreto de cemento portland y obras complemientarias
pura el fraccionamiento “Jardines de la Paz”,

44— Especificaciones generales pavimento de concreto de cemento portiand.

45 Especificaciones generales para pavimento flexible.

46— Especificaciones generales para pavimento de empedrado.

47— Analisis de precios unitarios de alhafiileria,

48--Cimara Naciona! de la Industria de fu Construccion “Delegacion Jalisco.

49~Lista de precios unitarios para la Ciudad de Guadalajara y periferia que incluyen materiales, mano de
obra y costos indirectos para el afio 1968 (1).

50— Mapa de colectores y Seccion de .q,ua y alcantariilado.

Data for Planning:

51— Articulos de [a ley del servicio de trdnsito del Estado, relacionados el transporte masivo.

52— Plano octave de los itinerarics de las omnibus de la Empresa Mexicalzingo Mexquitan. _

53—Plano del conjunto de las 122 rutas de omnibus — mostrando movimientos de cantidades de usuarios
de los omnibus.

54— Plano de la Ciudad, mostrando la ubicacion de las Terminales de Ios recorridos de los ominibus.

55—Plano del area Metropolitana de Guadalajara mostrando la ubicacion de los sitios en donde se
estacionan los aulos de alquiler.

56—Plano de la zona central de Guadalujara (aprox 500 manzanas) mostrando el senudo de la circulacion
de vehiculos y la prelacion del paso de éstos de acuerdo con la Ley.

57--Plano de fa zona Lentral de Guadalajara, mostrando fa intensidad miixima -horaria de las calles
contenidas,
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